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(57) ABSTRACT

A sensor apparatus includes an irradiation system with a
light source configured to emit linearly polarized light of a
first polarization direction onto a sheet-like object, in a
direction oblique to a direction orthogonal to a surface of the
object, a first photodetector arranged on an optical path of
light that is emitted from the irradiation system and then is
reflected at the object by regular reflection, a first optical
element, arranged on an optical path of light reflected by
diffuse reflection from an incidence plane of the object,
configured to transmit linearly polarized light of a second
polarization direction that is orthogonal to the first polar-
ization direction, a second photodetector configured to
receive light that has passed through the first optical ele-
ment, and a detection unit configured to detect at least one
of basis weight and thickness of the object.
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1
SENSOR APPARATUS AND IMAGE
FORMING APPARATUS INCORPORATING
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is based on and claims priority
pursuant to 35 U.S.C. §119(a) to Japanese Patent Applica-
tion Nos. 2013-177459, 2013-220721, 2014-101007, filed
on Aug. 29,2013, Oct. 24,2013, May 15, 2014, respectively,
in the Japan Patent Office, the entire disclosure of which is
hereby incorporated by reference herein.

BACKGROUND

1. Technical Field

Example embodiments of the present invention generally
relate to a sensor apparatus and an image forming apparatus
incorporating the sensor apparatus.

2. Background Art

Image forming apparatuses such as digital copying
machines and laser printers form an image by transferring a
toner image onto a recording medium, typified by printing
paper, and heating and pressing (i.e., fixing) the image onto
recording medium under certain specified conditions for
fixation. When an image is formed, conditions for image
formation such as development, transfer, and fixing condi-
tions should be taken into consideration. In particular, when
a high-quality image is to be formed, the conditions for
image formation need to be set differently for each type of
recording medium, because the quality of the image is
heavily dependent on the recording medium material, thick-
ness, moisture content, smoothness, and coating status. For
example, irregularities in color may develop if fixing con-
ditions are not proper for the type of recording medium.

Further, due to the development of image forming appa-
ratuses and the diversification of expression in recent years,
hundreds or more types of printing paper have become
available as recording media, and a number of brands exist
for each of these types for different basis weights and
thickness. In order to achieve high-quality image formation,
detailed conditions for image formation should be set for
every one of these brands.

In recent years, the number of brands of paper is increas-
ing for plain paper, coated paper typified by gloss coated
paper, matte coated paper, and art paper, plastic sheet, and
special paper whose surface is embossed.

SUMMARY

Embodiments of the present invention described herein
provide an improved sensor apparatus including an irradia-
tion system provided with a light source and configured to
emit linearly polarized light of a first polarization direction
onto a sheet-like object, in a direction oblique to a direction
orthogonal to a surface of the object, a first photodetector
arranged on an optical path of light that is emitted from the
irradiation system and then is reflected at the object by
regular reflection, a first optical element, arranged on an
optical path of light reflected by diffuse reflection from an
incidence plane of the object, configured to transmit linearly
polarized light of a second polarization direction that is
orthogonal to the first polarization direction, a second pho-
todetector configured to receive light passed through the first
optical element, and a detection unit configured to detect at
least one of basis weight and thickness of the object.
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2

Embodiments of the present invention described herein
further provide an image forming apparatus incorporating
the sensor apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of exemplary embodiments
and the many attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings.

FIG. 1 is a schematic diagram the configuration of a color
printer according to the first example embodiment of the
present invention.

FIG. 2 illustrates the configuration of an optical sensor
according to the first example embodiment of the present
invention.

FIG. 3 illustrates a surface emitting laser array according
to the first example embodiment of the present invention.

FIG. 4 illustrates the angle of incidence 0 of irradiation
light on recording paper, according to the first example
embodiment of the present invention.

FIG. 5 illustrates the relative positions of a first photo-
sensor and a second photosensor according to the first
example embodiment of the present invention.

FIG. 6 illustrates the arrangement of a third photosensor
according to the first example embodiment of the present
invention.

FIG. 7A illustrates surface regular reflection light.

FIG. 7B illustrates surface diffuse reflection light.

FIG. 7C illustrates internal reflection light.

FIG. 7D illustrates transmission light.

FIG. 8 illustrates the characteristics of transmission light
according to an example embodiment of the present inven-
tion.

FIG. 9 illustrates the relationship between the amount of
transmission light and the basis weight, according to an
example embodiment of the present invention.

FIG. 10 illustrates the reflected light that enters a polar-
ization filter, according to the first example embodiment of
the present invention.

FIG. 11 illustrates the light received by the second pho-
tosensor, according to the first example embodiment of the
present invention.

FIG. 12 illustrates the relationship between the thickness
of recording paper and the amount of the light received by
the second photosensor, according to an example embodi-
ment of the present invention.

FIG. 13 illustrates the relationship between the density of
recording paper and the amount of the light received by the
second photosensor, according to an example embodiment
of the present invention.

FIG. 14 illustrates the light received by the first photo-
sensor, according to the first example embodiment of the
present invention.

FIG. 15 illustrates the light received by the first photo-
sensor, according to the first example embodiment of the
present invention.

FIG. 16 illustrates a recording paper identification table
according to the first example embodiment of the present
invention.

FIG. 17 illustrates the relationship between S1 and S2 and
the brands of recording paper, according to the first example
embodiment of the present invention.
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FIG. 18 illustrates three-dimensional coordinates related
to a method of identitying the brand of recording paper,
according to the first example embodiment of the present
invention.

FIG. 19 illustrates a modification of a surface emitting
laser array according to the first example embodiment of the
present invention.

FIG. 20 illustrates a first modification of an optical sensor,
according to the first example embodiment of the present
invention.

FIG. 21 illustrates a second modification of an optical
sensor, according to the first example embodiment of the
present invention.

FIG. 22 illustrates a third modification of an optical
sensor, according to the first example embodiment of the
present invention.

FIG. 23 illustrates the relationship between S5/S1 and
S4/S2 and the brands of recording paper, according to the
first example embodiment of the present invention.

FIG. 24 illustrates Modification 4 of an optical sensor,
according to the first example embodiment of the present
invention.

FIG. 25 is a schematic diagram the configuration of a
color printer according to the second example embodiment
of the present invention.

FIG. 26 is an external view of a sensor apparatus accord-
ing to the second example embodiment of the present
invention.

FIG. 27 illustrates the configuration of a sensor apparatus
according to the second example embodiment of the present
invention.

FIG. 28 illustrates the pressing force exerted on a pressing
member, according to the second example embodiment of
the present invention.

FIG. 29 is a block diagram illustrating the configuration
of a processing device according to an example embodiment
of the present invention.

FIG. 30 depicts the values of St for each brand of
recording paper, according to the second example embodi-
ment of the present invention.

FIG. 31 illustrates three-dimensional coordinates related
to a method of identitying the brand of recording paper,
according to the second example embodiment of the present
invention.

FIG. 32 illustrates a first modification of an optical sensor,
according to the second example embodiment of the present
invention.

FIG. 33 illustrates a second modification of an optical
sensor, according to the second example embodiment of the
present invention.

FIG. 34 illustrates a third modification of an optical
sensor, according to the second example embodiment of the
present invention.

FIG. 35 illustrates the relationship between S4/S1 and
S3/S2 and the brands of recording paper, according to the
second example embodiment of the present invention.

FIGS. 36A and 36B illustrate the influence of disturbance
light according to the second example embodiment of the
present invention.

FIG. 37 illustrates a second sensor apparatus that is
portable, according to the second example embodiment of
the present invention.

FIG. 38 illustrates the configuration of a second sensor
apparatus according to the second example embodiment of
the present invention.
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FIGS. 39A to 39C illustrate a brand-determination pro-
cess for recording paper performed by a second sensor
apparatus, according to the second example embodiment of
the present invention.

FIG. 40 illustrates an example of arrangement in which a
sensor apparatus is divided into an optical sensor and a
thickness sensor, according to the second example embodi-
ment of the present invention.

FIG. 41 illustrates the configuration of an optical sensor
according to the second example embodiment of the present
invention.

FIG. 42 illustrates the configuration of a thickness sensor
according to the second example embodiment of the present
invention.

FIG. 43A illustrates timing t0 of a thickness sensor
according to the second example embodiment of the present
invention.

FIG. 43B illustrates timing t1 of a thickness sensor
according to the second example embodiment of the present
invention.

FIG. 44A illustrates timing t2 of a thickness sensor
according to the second example embodiment of the present
invention.

FIG. 44B illustrates timing t3 of a thickness sensor
according to the second example embodiment of the present
invention.

FIG. 45 is a timing chart indicating the signals output
from a thickness sensor, according to the second example
embodiment of the present invention.

FIG. 46 illustrates a first modification of a thickness
sensor according to the second example embodiment of the
present invention.

FIG. 47 illustrates a second modification of a thickness
sensor according to the second example embodiment of the
present invention.

FIG. 48 illustrates Example 1 of arrangement in which an
optical sensor and a displacement sensor are close to each
other, according to the second example embodiment of the
present invention.

FIG. 49 illustrates Example 2 of arrangement in which an
optical sensor and a displacement sensor are close to each
other, according to the second example embodiment of the
present invention.

FIG. 50 illustrates the configuration of a sensor apparatus
according to the third example embodiment of the present
invention.

FIG. 51 illustrates a first modification of an optical sensor,
according to the third example embodiment of the present
invention.

FIG. 52 illustrates a second modification of an optical
sensor, according to the third example embodiment of the
present invention.

FIG. 53 illustrates a third modification of an optical
sensor, according to the third example embodiment of the
present invention.

FIG. 54 illustrates Modification 4 of an optical sensor,
according to the third example embodiment of the present
invention.

FIG. 55 illustrates Modification 5 of an optical sensor,
according to the third example embodiment of the present
invention.

FIGS. 56A to 56C illustrate the changes in the amount of
detection light caused due to the misalignment between the
surface of recording paper and the surface at which mea-
surement is performed, according to the third example
embodiment of the present invention.
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The accompanying drawings are intended to depict exem-
plary embodiments of the present disclosure and should not
be interpreted to limit the scope thereof. The accompanying
drawings are not to be considered as drawn to scale unless
explicitly noted.

DETAILED DESCRIPTION

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the present invention. As used herein, the sin-
gular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“includes” and/or “including”, when used in this specifica-
tion, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

In describing example embodiments shown in the draw-
ings, specific terminology is employed for the sake of clarity.
However, the present disclosure is not intended to be limited
to the specific terminology so selected and it is to be
understood that each specific element includes all technical
equivalents that have the same structure, operate in a similar
manner, and achieve a similar result.

First Embodiment

The first example embodiment of the present invention is
described with reference to FIGS. 1 to 18.

FIG. 1 is a schematic diagram illustrating the configura-
tion of a color printer 2000 according to the first example
embodiment of the present invention. The color printer 2000
is a tandem color printer that forms a full color image on a
recording medium by superimposing multiple images of
four colors (black, cyan, magenta, and yellow) on top of one
another. Moreover, the color printer 2000 includes an optical
scanner 2010, four photoreceptor drums 2030a, 20305,
2030c, and 20304, four cleaning units 2031a, 20315, 2031c,
and 20314, four charging devices 2032a, 20325, 2032¢, and
20324, four development rollers 2033a, 20335, 2033¢, and
2033d, a transfer belt 2040, a transfer roller 2042, a fixing
device 2050, a paper feed roller 2054, an ejection roller
2058, a paper feed tray 2060, a paper output tray 2070, a
communication controller 2080, an optical sensor 2245, and
a printer controller 2090.

The communication controller 2080 controls bidirectional
communication with a host device (for example, a personal
computer (PC)) through a network or the like.

The printer controller 2090 includes, for example, a
central processing unit (CPU), a read-only memory (ROM)
in which a program described by CPU-readable codes and
various kinds of data used for executing the program are
stored, a random access memory (RAM) that serves as a
working memory, an amplifier circuit, and an analog-to-
digital (A/D) converter that converts an analog signal to a
digital signal. Further, the printer controller 2090 controls
elements under instructions from a host device, and transfers
the image data sent from the host device to the optical
scanner 2010. Note that optimal developing conditions and
transferring conditions for several brands of recording paper,
which can be properly handled as a recording medium by the
color printer 2000, are stored in the ROM as a “development
and transfer table”.
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The photoreceptor drum 2030q, the charging device
2032a, the development roller 2033a, and the cleaning unit
2031a are used as a unit, and together configure an image
forming station that forms a black image. Hereinafter, this
image forming station may be referred to as a K-station.

The photoreceptor drum 203056, the charging device
20325, the development roller 20335, and the cleaning unit
20315 are used as a unit, and together configure an image
forming station that forms a cyan image. Hereinafter, this
image forming station may be referred to as a C-station.

The photoreceptor drum 2030¢, the charging device
2032c¢, the development roller 2033¢, and the cleaning unit
2031c are used as a unit, and together configure an image
forming station that forms a magenta image. Hereinafter,
this image forming station may be referred to as an M-sta-
tion.

The photoreceptor drum 2030d, the charging device
20324, the development roller 20334, and the cleaning unit
2031d are used as a unit, and together configure an image
forming station that forms a yellow image. Hereinafter, this
image forming station may be referred to as a Y-station.

A photosensitive layer is formed on the surface of each of
the photoreceptor drums. The photoreceptor drums rotate in
the direction of the arrows as illustrated in FIG. 1.

Each of the charging devices evenly charges the surface
of the associated photoreceptor drum.

The optical scanner 2010 scans each of the surfaces of the
electrically-charged photoreceptor drums, with the light that
is modulated for each color based on the color image data
(i.e., black image data, cyan image data, magenta image
data, and yellow image data) received from the printer
controller 2090. Accordingly, a latent image that corre-
sponds to the image data of each color is formed on the
surface of each of the photoreceptor drums. Note that the
surface of each of the photoreceptor drums is scanned, and
each of the photoreceptor drums carries an image. Each of
the latent images moves towards the corresponding devel-
opment roller as the photoreceptor drum rotates.

A toner form the corresponding toner cartridge is thinly
and evenly applied to the surface of each of the development
rollers as it rotates. Then, the toner applied to the surface of
each of the development rollers moves and adheres to the
portions of the surface of the corresponding photoreceptor
drum that are irradiated with light by the optical scanner
2010. In other words, the development roller renders a latent
image manifest by making the toner adhere to the latent
image formed on the surface of the corresponding photore-
ceptor drum. Each of the toner images moves towards the
transfer belt 2040 as the photoreceptor drum rotates.

Each of the toner images of yellow, magenta, cyan, and
black is sequentially transferred to the transfer belt 2040
with specified timing. Then, the transferred toner images are
superimposed on top of one another to form a color image.

The paper feed tray 2060 stores recording papers therein.
The paper feed roller 2054 is arranged near the paper feed
tray 2060, and the paper feed miler 2054 takes a piece of
recording paper from the paper feed tray 2060. Then, the
recording paper is fed between the transfer belt 2040 and the
transfer roller 2042 with specified timing. Accordingly, the
toner image on the transfer belt 2040 is transferred to the
recording paper. The recording paper on which the toner
image has been transferred is conveyed to the fixing device
2050.

At the fixing device 2050, heat and pressure are applied
to the recording paper to fix the toner on the recording paper.
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The recording paper on which the toner is fixed is conveyed
to the paper output tray 2070 through the ejection roller
2058.

Each of the cleaning units 2031a to 20314 removes the
residual toner left on the surface of the corresponding
photoreceptor drum. The surface of the photoreceptor drum
from which the residual toner has been removed moves back
to a position where the surface of the photoreceptor drum
faces the corresponding charging device.

The optical sensor 2245 is arranged in the conveyance
path of recording paper taken from the paper feed tray 2060,
and is used to determine the brand of the recording paper.

FIG. 2 illustrates the configuration of the optical sensor
2245 according to the present example embodiment of the
present invention. As illustrated in FIG. 2, the optical sensor
2245 includes a light source 11, a collimate lens 12, three
photosensors 13, 137, and 15, a polarizing filter 14, and a
dark box 16 that encloses these elements.

In the XYZ three-dimensional orthogonal coordinate sys-
tem of FIG. 2, it is assumed that the direction orthogonal to
the surface of recording paper M is a Z-axis direction.

The dark box 16 is a box made of metal such as alumi-
num, and the surface of the dark box 16 is anodized in black
in order to reduce the influence of disturbance light and stray
light.

The light source 11 includes a plurality of light-emitting
units. Each of the light-emitting units is a vertical cavity-
surface emitting laser (VCSEL) formed on the same sub-
strate. In other words, the light source 11 includes a vertical
cavity-surface emitting laser array (VCSEL array).

FIG. 3 illustrates an example of the VCSEL array in
which nine light-emitting units (chl to ch9) are two-dimen-
sionally arranged, according to the first example embodi-
ment of the present invention. In FIG. 3, each of the VCSEL
is connected to an electrode pad through a wiring member.

The light source 11 is arranged so as to irradiate the
recording paper M with the s-polarized light FIG. 4 illus-
trates the angle of incidence 6 of irradiation light on record-
ing paper, according to the first example embodiment of the
present invention. In the present example embodiment, the
angle of incidence 0 is 80°.

The collimate lens 12 is arranged on the optical path of the
light flux emitted from the light source 11, and collimates the
light flux. The light flux that has passed the collimate lens 12
passes through the opening of the dark box 16 to irradiate the
recording paper M. Hereinafter, the center of the irradiated
area on the surface of the recording paper M is referred to
simply as an “irradiation center”. Hereinafter, the light flux
that has passed through the collimate lens 12 may be referred
to as irradiation light.

Assuming that the light is incident on the boundary
surface of a medium, the plane that includes the incident
light beam and the normal line drawn from the point of
incidence of the boundary surface is referred to as the
incidence plane. When the incident light includes a plurality
of light beams, an incidence plane exists for each of the light
beams. However, for the purpose of simplification, the
incidence plane of the light beam incident on the irradiation
center is referred to as the incidence plane of the recording
paper M. In other words, the plane that includes the irra-
diation center and is parallel with the XZ-plane is the
incidence plane of the recording paper M.

In the present description, the terms “s-polarized light”
and “p-polarized light” are used not only for the incident
light on the recording paper M but also for the reflection
light. This is for the purpose of simplification, and the light
whose polarization direction is the same as that of the
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incident light (i.e., s-polarized light) on an incidence plane
is referred to as the s-polarized light, and the light whose
polarization direction is orthogonal to the s-polarized light is
referred to as the p-polarized light. These terms are used
with reference to the polarization direction of the incident
light on the recording paper M.

The polarizing filter 14 is arranged on the +Z-side of the
irradiation center. The polarizing filter 14 transmits p-polar-
ized light and blocks s-polarized light. Alternatively, the
polarizing filter 14 may be replaced with a polarization beam
splitter whose capability is equivalent to that of the polar-
izing filter 14.

FIG. 5 illustrates the relative positions of the photosensor
13 and the photosensor 15 according to the present example
embodiment. The photosensor 13 is arranged on the +Z-side
of the polarizing filter 14. As illustrated in FIG. 5, the angle
Y1 which the surface of the recording paper M forms with
a line L1, which is drawn through the irradiation center, the
center of the polarizing filter 14, and the center of the
photosensor 13, is 90 degrees.

The photosensor 15 is arranged on +X side of the irra-
diation center, with reference to the X-axis direction. As
illustrated in FIG. 5, the angle 12 between the surface of the
recording paper M and a line L2, which is drawn from the
irradiation center to the center of the photosensor 15, is 170
degrees.

Note that the center of the light source 11, the irradiation
center, the center of the polarizing filter 14, the center of the
photosensor 13, and the center of the photosensor 15 are
disposed on substantially the same plane.

FIG. 6 illustrates the arrangement of the photosensor 13¢
according to the present example embodiment. The photo-
sensor 13¢ is arranged on the —Z-side of the recording paper
M. As illustrated in FIG. 6, the center of the photosensor 13¢
is on the extension of the L1 to the -Z side of the recording
medium M.

The light reflected from recording paper when the record-
ing paper is irradiated with light is classified into two kinds
of reflected light, consisting of the light reflected at the
surface of the recording paper, and the light reflected inside
the recording paper. Moreover, the light reflected at the
surface of the recording paper is classified into two kinds of
reflected light, consisting of the light of regular reflection
and the light of diffuse reflection. Hereinafter, the light
reflected by regular reflection on the recording paper is
referred to as “surface regular reflection light”, and the light
reflected by diffuse reflection is referred to as “surface
diffuse reflection light” for the purpose of simplification, as
illustrated in FIGS. 7A and 7B.

The surface of recording paper is composed of plane
portions and oblique portions, and the smoothness of the
recording paper is determined by the ratio of the plane
portions to the oblique portions. The light reflected at a plane
portion becomes surface regular reflection light, and the
light reflected at an oblique portion becomes surface diffuse
reflection light. The surface diffuse reflection light is com-
pletely-dispersed reflection light, and it is assumable that the
direction of reflection is isotropic. When the smoothness is
high, the light quantity of the surface regular reflection light
increases accordingly.

When the recording paper is ordinary printing paper, the
reflected light from the inside of the recording paper is
composed of only diffuse reflection light because multiple
scattering occurs inside the fibers of the recording paper.
Hereinafter, the reflected light from the inside of the record-
ing paper is referred to as “internal reflection light” for the
purpose of simplification, as illustrated in FIG. 7C. The
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internal reflection light is also completely-dispersed reflec-
tion light in a similar manner to the surface diffuse reflection
light, and it is assumable that the direction of reflection is
isotropic.

FIG. 7D illustrates transmission light. When the recording
paper is irradiated with light, there is not only reflected light
but also transmission light that passes through the recording
paper.

According to the experiments run by the inventor and his
associates, it is known that the intensity distribution of the
light that passes through the paper follows Lambert’s Law.
FIG. 8 illustrates the characteristics of transmission light
according to the present example embodiment. The light that
has entered the paper is dispersed by the fibers of the paper,
and has an angle distribution that is not dependent on the
angle of incidence, where the peak is at the light intensity of
the direction orthogonal to the surface of the paper. For this
reason, it is desired that the photosensor 15 be arranged
directly underneath the irradiation center.

Because the light that passes through the paper is dis-
persed by the fibers of the paper, the amount of the trans-
mission light decreases when the paper is thick, i.e., when
the basis weight is greater. FIG. 9 illustrates experimental
results indicating the relationship between the basis weight
of paper and the amount of transmission light.

According to the present example embodiment, the iden-
tification accuracy of recording paper can be improved by
measuring the amount of the transmission light in consid-
eration of the basis weight of the recording paper, as
described above.

The polarization direction of the surface regular reflection
light and surface diffuse reflection light towards a photo-
sensor is the same as the polarization direction of the
incident light. Note that the polarization direction rotates on
the surface of recording paper only when the incident light
is reflected on a part of the surface that is inclined in the
direction of the rotation with reference to the incident
direction. Because the center of the light source, the irra-
diation center, and the centers of the photosensors are
disposed on substantially the same plane in the present
example embodiment, the light whose polarization direction
is rotated on the surface of recording paper is not reflected
to any of the photosensors.

By contrast, the polarization direction of the internal
reflection light towards a photosensor is rotated with refer-
ence to the polarization direction of the incident light. This
happens as the light that enters recording paper is transmit-
ted through fibers and is subject to optical rotation while
experiencing multiple scattering and the polarization direc-
tion is rotated.

FIG. 10 illustrates the reflected light that enters the
polarization filter 14, according to the present example
embodiment. As illustrated in FIG. 10, reflection light
including the surface diffuse reflection light and internal
reflection light enters the polarizing filter 14.

As the surface diffuse reflection light that enters the
polarizing filter 14 includes only the s-polarized light in a
similar manner to the incident light, the surface diffuse
reflection light that enters the polarizing filter 14 is all
blocked at the polarizing filter 14. On the other hand, the
internal reflection light includes both the s-polarized light
and p-polarized light, and the p-polarized light of the inter-
nal reflection light passes through the polarizing filter 14. In
other words, the p-polarized light included in the internal
reflection light is received at the photosensor 13.

FIG. 11 illustrates the light received by the photosensor
13, according to the present example embodiment. Herein-
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after, the p-polarized light included in the internal reflection
light may be referred to as “p-polarized internal reflection
light” for the purpose of simplification. In a similar manner,
the s-polarized light included in the internal reflection light
may be referred to as “s-polarized internal reflection light”.

FIG. 12 illustrates the relationship between the thickness
of recording paper and the amount of the light received by
the photosensor 13, and FIG. 13 illustrates the relationship
between the density of recording paper and the amount of
the light received by the photosensor 13, according to the
present example embodiment. According to the experiments
run by the inventor and his associates, it is known that the
amount of the p-polarized internal reflection light correlates
with the thickness or density of recording paper. This is
because the amount of the p-polarized internal reflection
light is dependent upon the length of the path where the light
passes through the fibers of the recording paper.

FIG. 14 illustrates the light received by the photosensor
15, according to the present example embodiment. As illus-
trated in FIG. 14, reflection light including the surface
regular reflection light, surface diffuse reflection light, and
internal reflection light enters the photosensor 15. At this
light receiving position, the amount of the surface diffuse
reflection light and internal reflection light is very small
compared with the amount of the surface regular reflection
light. For this reason, it can be assumed that the amount of
the light received at the photosensor 15 is substantially
equivalent to the amount of the surface regular reflection
light.

FIG. 15 illustrates the light received by the photosensor
137, according to the first example embodiment of the
present invention. As illustrated in FIG. 15, a part of the
irradiation light that has passed through the recording paper
M enters the photosensor 137.

Each of the photosensors transmits an electrical signal to
the printer controller 2090 based on the amount of the
received light. Assuming that recording paper M is irradi-
ated with the light flux emitted from the light source 11, the
signal level of the signal output from the photosensor 13 is
referred to as “S1”. In a similar manner, the signal level of
the signal output from the photosensor 15 is referred to as
“S2”, and the signal level of the signal output from the
photosensor 13z is referred to as “ST”.

FIG. 16 illustrates a recording paper identification table
according to the present example embodiment. In the pres-
ent example embodiment, the values of S1, S2, and ST are
measured for every brand of recording paper compatible
with the color printer 2000 and the results are stored in the
ROM of the printer controller 2090 as a recording paper
identification table, in advance of shipment, for example,
when adjustment processes are performed in the factory.

FIG. 17 illustrates the relationship between S1 and S2 and
the brands of recording paper, according to the first example
embodiment of the present invention. In FIG. 17, the mea-
surement values of S1 and S2 are indicated for thirty brands
of recording paper that are available in Japan. Each of the
frames illustrated in FIG. 17 indicates a range of variation
measured from the same brand. When the measurement
values of only S1 and S2 are used as in FIG. 17, several
ranges of variations, which correspond to a plurality of
brands, overlap with each other. However, if the measure-
ment values of ST are integrated into FIG. 17, such over-
lapping variations may be reduced or eliminated.

Next, processes in which the brand of recording paper
taken from the paper feed tray 2060 is determined (i.e.,
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brand determination processes) are described. The brand
determination processes described below are performed by
the printer controller 2090.

(1) A plurality of light-emitting units of the optical sensor
2245 are switched on at the same time.

(2) The values of S1, S2, and ST are obtained from the
photosensors 13, 15, and 13¢, respectively.

(3) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S1, S2, and ST.

FIG. 18 illustrates three-dimensional coordinates related
to a method of identitying the brand of recording paper,
according to the first example embodiment of the present
invention. As illustrated in FIG. 18, for example, three-
dimensional coordinates with the axes of S1, S2, and ST are
assumed. The recording paper identification table is referred
to, and the brand whose range of variation includes, for
example, coordinates P (a, b, ¢) are determined, where “a”,
“b”, and “c” indicate the measurement values of S1, S2, and
ST, respectively. For example, when the coordinates P (a, b,
¢) belongs to the range of variation of the Brand D only, the
brand of the recording paper is determined to be D. For
example, when the coordinates P (a, b, ¢) do not belong to
the range of variation of any brand, the brand of the
recording paper is determined to be the brand whose range
of variation is closest to the coordinates P (a, b, c¢). For
example, when the coordinates P (a, b, ¢) belong to the
ranges of variation of both the Brand A and the Brand B,
firstly, the difference between the mean values obtained for
the Brand A and the measurement values (i.e., a, b, and ¢) as
well as the difference between the mean values obtained for
the Brand B and the measurement values (i.e., a, b, and ¢)
are calculated. Then, the brand of the recording paper is
determined to be the brand whose calculated difference is
smaller than the other. Alternatively, the brand of the record-
ing paper may be determined as follows. Firstly, it is
assumed that the brand of the recording paper is the Brand
A, and the variation of the Brand A is calculated again with
the data to which the measurement values (i.e., a, b, and ¢)
are added. Secondly, it is assumed that the brand of the
recording paper is the Brand B, and the variation of the
Brand B is calculated again with the data to which the
measurement values (i.e., a, b, and ¢) are added. Then, the
brand of the recording paper is determined to be the brand
whose re-calculated variation is smaller than the other.

Alternatively, the brand of the recording paper may be
determined as follows. Several candidate brands are deter-
mined based on the measurement values of S1 and S2, and
these candidate brands are narrowed down to a single brand
in consideration of the measurement value of ST.

(4) The brand identification process is terminated.

Then, the printer controller 2090 determines optimal
developing conditions and transferring conditions by refer-
ring to a development and transfer table for the specified
brand, and controls the development device and transfer
device of each image forming station in accordance with the
determined optimal developing conditions and transferring
conditions. For example, the printer controller 2090 controls
the transfer voltage or the amount of toner. Accordingly, a
high-quality image is formed on recording paper.

Conventionally, the glossiness of the surface of recording
paper is detected from the light quantity of the regular
reflection, and the smoothness of the surface of the recording
paper is detected from the ratio of the light quantity of the
regular reflection to the light quantity of the diffuse reflec-
tion, in order to determine the type of the recording paper.
By contrast, in the present example embodiment, not only
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the glossiness and smoothness of the surface of recording
paper are detected but also other properties of the recording
paper such as the thickness and density of the recording
paper are detected from the reflection light and transmission
light. Accordingly, the number of the identifiable types of
recording paper is increased compared with the conventional
technique.

For example, it was difficult in the conventional identifi-
cation technique to distinguish plain paper from matte
coated paper with only the information of the surface of
recording paper used. In the present example embodiment,
the information of the inside of the recording paper is also
used in addition to the information of the surface of record-
ing paper. Accordingly, it becomes possible to distinguish a
number of brands of plain paper and a number of brands of
matte coated paper in addition to the simple distinction
between plain paper and matte coated paper. In other words,
according to the first example embodiment, it becomes
possible to determine the brand of object recording paper by
detecting a difference in thickness and at least one of
glossiness, smoothness, and density of the recording paper.

Moreover, the use of a surface emitting laser array makes
it easy to adjust the irradiation light to parallel light rays, and
contributes to the downsizing and cost reduction of an
optical sensor.

It is known that the amount of the p-polarized light
included in the internal reflection light is very small com-
pared with the amount of the light with which the recording
paper is irradiated (i.e., irradiation light quantity). For
example, when the angle of incidence 0 is 80 degrees, the
light quantity of the diffuse reflection is smaller than the
irradiation light quantity by four orders of magnitude, and
the light quantity of the p-polarized light included in the
internal reflection light is equal to or less than the light
quantity of the diffuse reflection.

For this reason, in order to detect the p-polarized light
included in the internal reflection light with precision, it is
desired that the level of the output from a light source be set
high and the p-polarized light included in the internal
reflection light be received under conditions that maximize
the precision of light detection and the amount of light
detection.

In order to receive the p-polarized light included in the
internal reflection light with the maximized precision and
detection amount, the following matters are to be taken into
consideration.

(1) The detection of the p-polarized light included in the
internal reflection light is not performed in the direction
where the surface regular reflection light is present.

This is because in actuality it is difficult to obtain only
s-polarized light as irradiation light, and the light reflected at
the surface tends to include p-polarized light. For this
reason, if detection is performed in the direction where the
surface regular reflection light is present, the p-polarized
light that is originally included in the irradiation light and is
reflected at the surface is usually greater than the p-polarized
light included in the internal reflection light. Accordingly, if
the polarizing filter 14 and the photosensor 13 are arranged
in the direction where the surface regular reflection light is
present, the amount of the reflection light cannot be pre-
cisely detected to obtain the information of the inside of the
recording paper.

A polarizing filter with high extinction ratio may be used
in order to obtain only s-polarized light as irradiation light,
but the cost will increase in that case.
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(2) The p-polarized light included in the internal reflection
light is to be detected in the direction of the normal line
drawn from the irradiation center of recording paper.

This is because the amount of reflection light in the
detection direction follows the Lambert distribution as it can
be assumed that the internal reflection light is complete
diffuse reflection, and the amount of reflection light reaches
a peak in the direction of the normal line drawn from the
irradiation center. When the polarizng filter 14 and the
photosensor 13 are arranged in the direction of the normal
line drawn from the irradiation center, the signal-to-noise
ratio (S/N) becomes high, and the best precision is achieved.

In addition to the reflection optical sensor, various kinds
of other sensors may be installed to achieve a higher level of
determination, such as a sensor that detects the thickness of
a recording material by using transmission light or ultra-
sound, a sensor that detects the resistance value of a record-
ing material, and a thermometer. However, the installation of
such additional sensors will increase the number of the
elements and lead to increased cost and upsizing of the
whole apparatus.

As described above, the optical sensor 2245 according to
the present embodiment includes, for example, the light
source 11, the collimate lens 12, the three photosensors 13,
13¢, and 15, the polarizing filter 14, and the dark box 16 that
encloses these elements.

The photosensor 15 is arranged to mainly receive the
surface regular reflection light, and the photosensor 13 is
arranged to receive the p-polarized light included in the
internal reflection light. The photosensor 13¢ is arranged to
receive the light that has passed through the recording paper
M.

The printer controller 2090 determines the brand of
recording paper M based on the output signals of the
photosensor 13, the photosensor 15, and the photosensor
13z

As described above, the light quantity of the p-polarized
light included in the internal reflection light is detected in the
present example embodiment. Accordingly, it becomes pos-
sible to achieve precise separation of the internal reflection
light. Conventionally, such separation of the light reflected
from the inside of recording paper was difficult to achieve.
Moreover, the amount of the light that has passed through
the recording paper is detected in the present example
embodiment. As the reflection light from the inside of the
recording paper and the light that has passed through the
recording paper include the information about the inside
state of the recording paper, it becomes possible to improve
the level of paper discrimination such that the level of the
recording paper can be determined. Conventionally, such
determination of brand was difficult.

Moreover, as various kinds of sensors are not combined
and the configuration of parts is simple, it is possible to
achieve a small optical sensor at low cost according to the
present example embodiment.

Further, it becomes possible to identify the brand of
recording paper more precisely than the conventional tech-
nique without increasing the cost and size of an optical
sensor, according to the present example embodiment.

Because a surface emitting laser array is used as a light
source, a polarizing filter is not required to adjust the
irradiation light to linearly polarized light. Moreover, the use
of a surface emitting laser array makes it easy to adjust the
irradiation light to parallel light rays, and realizes a small
light source that has a plurality of light-emitting units.
Accordingly, downsizing and cost reduction of an optical
sensor are realized.
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Further, the use of a surface emitting laser array realizes
high-density integration, which was difficult to achieve with
the conventional LEDs or the like. Accordingly, all the laser
light can be condensed to the optical axis of a collimate lens,
and a plurality of rays of light flux can be collimated with a
fixed angle of incidence. In other words, a collimate optical
system can easily be realized.

Because the light source includes a plurality of light-
emitting units, the light quantity of the p-polarized light
included in the internal reflection light or the transmission
light quantity can be increased by switching on all the
light-emitting units at the same time.

The diffuse reflection light includes “the s-polarized light
reflected at the surface” (A), “the s-polarized light reflected
from the inside of recording paper” (B), and “the p-polarized
light reflected from the inside of recording paper” (C). More
precise paper discrimination may be achieved by using a
polarizing filter to separate “the p-polarized light reflected
from the inside of recording paper” (C) and detect the light
quantity of the separated p-polarized light, but irradiation
needs to be performed with greater amount of light for the
following reasons.

When the irradiation light is the s-polarized light, the ratio
of “the p-polarized light reflected from the inside of record-
ing paper” (C) in the diffuse reflection light ((A)+(B)+(C))
is in the order of 40 percent at maximum. Because a low-cost
polarizing filter, which is often provided for an ordinary
sensor, has low transmittance, the light is attenuated by such
a polarizing filter to 80 percent or so. For this reason, “the
p-polarized light reflected from the inside of recording
paper” (C) is attenuated when separated by a polarizing
filter, and is substantially reduced to about 30 percent.

Conventionally, a sensor determines the type of recording
paper from the selection of two to three types of recording
paper (for example, the selection between coated paper and
plastic sheet) based on the detected light quantity of the
diffuse reflection light (A+B+C).

In the first example embodiment, the type of recording
paper is selected from at least ten types of recording paper
based only on “the p-polarized light reflected from the inside
of recording paper” (C). In other words, at least five times
more detailed paper discrimination is performed in the
present example embodiment, compared with the conven-
tional technique where only two types of recording paper
can be identified. Accordingly, high resolution with smaller
light quantity is desired in the present example embodiment
compared with the conventional technique. If a photosensor
with high resolution is used, determination can be made with
small light quantity. However, the use of such a photosensor
with high resolution leads to an increase in cost.

In the first example embodiment described above, high
resolution is achieved by increasing the amount of irradia-
tion light. More specifically, at least 3.3 times greater
amount of irradiation light becomes necessary compared
with the conventional technique because the amount of
internal diffuse reflection light is substantially attenuated to
about 30 percent as described above. Moreover, about 3.3%5
times greater amount of light becomes necessary in order to
perform five times more detailed paper discrimination, com-
pared with the conventional technique. As described above,
the amount of irradiation light needs to be increased when a
larger number of types of recording paper are to be identi-
fied.

When an unpolarized light source such as a light-emitting
diode (LED) is used in the first example embodiment
described above, the light from the light source needs to be
filtered by a polarizing filter to obtain linearly polarized light
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(s-polarized light). When an inexpensive polarizing filter is
used in this case, the amount of the light with which the
recording paper is irradiated is attenuated to 40 percent of
the amount of the light emitted from the LED (=50%
(reduced amount of p-polarized light)*80% (amount attenu-
ated by polarizing filter). Accordingly, when an LED is used
as a light source, more than forty-times amount of irradiation
light (=3.3*5/0.4) is necessary compared with the conven-
tional technique.

However, the irradiation light quantity of a low-cost
(LED) is a few W (typified by 1 mW), and it is difficult to
achieve the irradiation light quantity of 40 to 50 mW or
more. By contrast, it is easy for a surface emitting laser array
to achieve desired irradiation light quantity by turning on a
plurality of light-emitting units at the same time. In other
words, it becomes possible to achieve desired irradiation
light quantity by adopting a surface emitting laser array, so
as to identify a larger number of types pf paper than the
conventional technique.

Moreover, because the light source includes a plurality of
light-emitting units, the contrast ratio of the speckle pattern
of reflection light can be reduced by switching on all the
light-emitting units at the same time, compared with cases in
which only one light-emitting unit is switched on. Accord-
ingly, the identification accuracy improves.

Further, more stable irradiation of linearly polarized light
is achieved by adopting a surface emitting laser array.
Accordingly, the light quantity of the p-polarized light
included in the internal reflection light can be detected with
precision.

Due to the provision of the optical sensor 2245, the color
printer 2000 according to the present example embodiment
can form a high-quality image without increasing the cost or
size. Further, troublesome manual settings or failure in
printing due to a setting error, which are still present in the
conventional products, can be eliminated according to the
present example embodiment.

Note that cases in which recording paper is irradiated with
the s-polarized light have been described in the present
example embodiment, but no limitation is indicated therein.
In other words, recording paper may be irradiated with the
p-polarized light. In such a case, however, a polarizing filter
that transmits the s-polarized light is used in place of the
polarizing filter 14.

FIG. 19 illustrates a modification of a surface emitting
laser array according to the first example embodiment of the
present invention. As illustrated in FIG. 19, at least some of
light-emitting units of a surface emitting laser array may be
spaced differently from the other light-emitting units.

The number of the photosensors may be increased when
an error is expected due to disturbance light or stray light.

FIG. 20 illustrates a first modification of an optical sensor,
according to the first example embodiment of the present
invention. As illustrated in FIG. 20, for example, the optical
sensor 2245 may further include a photosensor 17. As
illustrated in FIG. 20, reflection light including the surface
diffuse reflection light and internal reflection light enters the
photosensor 17. At this light receiving position, the amount
of the internal reflection light is very small compared with
the amount of the surface diffuse reflection light. For this
reason, it can be assumed that the amount of the light
received at the photosensor 17 is substantially equivalent to
the amount of the surface diffuse reflection light.

As illustrated in FIG. 20, for example, the angle y3
between the surface of the recording paper M and a line L3,
which is drawn from the irradiation center to the center of
the photosensor 17, is 120 degrees. Note that the center of
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the light source 11, the irradiation center, the center of the
polarizing filter 14, and the centers of the photosensors are
disposed on substantially the same plane.

The paper-type discrimination processes performed by the
printer controller 2090 in the case of the first modification
are described as follows. Assuming that the recording paper
M is irradiated with the light flux emitted from the light
source 11, the signal level of the signal output from the
photosensor 17 is referred to as “S4”.

(1) A plurality of light-emitting units of the optical sensor
2245 are switched on at the same time.

(2) The values of S1, S2, ST, and S4 are calculated from
the signals output from the photosensors.

(3) The value of S4/S2 is calculated.

(4) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the calculated values of S1, ST, and S4/S2. Then, the
paper-type discrimination process is terminated.

In the first modification of the first example embodiment
illustrated in FIG. 20, the values of S1, ST, and S4/S2 are
measured for every brand of recording paper compatible
with the color printer 2000 and the results are stored in the
ROM of the printer controller 2090 as a recording paper
identification table, in advance of shipment, for example,
when adjustment processes are performed in the factory.

FIG. 21 illustrates a second modification of an optical
sensor, according to the first example embodiment of the
present invention. As illustrated in FIG. 21, for example, the
optical sensor 2245 may further include a polarizing filter 18
and a photosensor 19. As illustrated in FIG. 21, the polar-
izing filter 18 is arranged on the optical path of reflection
light that includes the surface diffuse reflection light and the
internal reflection light. The polarizing filter 18 transmits the
p-polarized light and blocks the s-polarized light.

The photosensor 19 is arranged on the optical path of the
light flux that has passed through the polarizing filter 18. The
photosensor 19 receives the p-polarized light included in the
internal reflection light.

As illustrated in FIG. 21, for example, the angle 4
between the surface of the recording paper M and a line 1.4,
which is drawn from the irradiation center to the centers of
the polarizing filter 18 and photosensor 19, is 150 degrees.
Note that the center of the light source 11, the irradiation
center, the centers of the polarizing filters, and the centers of
the photosensors are disposed on substantially the same
plane.

The paper-type discrimination processes performed by the
printer controller 2090 in the case of the first modification
according to the first example embodiment are described as
follows. Assuming that the recording paper M is irradiated
with the light flux emitted from the light source 11, the signal
level of the signal output from the photosensor 19 is referred
to as “S5”.

(1) A plurality of light-emitting units of the optical sensor
2245 are switched on at the same time.

(2) The values of S1, S2, ST, and S5 are calculated from
the signals output from the photosensors.

(3) The value of S5/S1 is calculated.

(4) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S2, S5/S1, and ST. Then, the paper-
type discrimination process is terminated.

In the second modification of the first example embodi-
ment illustrated in FIG. 21, the values of S2, S5/S1, and ST
are measured for every brand of recording paper compatible
with the color printer 2000 and the results are stored in the
ROM of the printer controller 2090 as a recording paper
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identification table, in advance of shipment, for example,
when adjustment processes are performed in the factory.

FIG. 22 illustrates a third modification of an optical
sensor, according to the first example embodiment of the
present invention. As illustrated in FIG. 22, for example, the
photosensor 17, the photosensor 19, and the polarizing filter
18 may further be provided.

The paper-type discrimination processes performed by the
printer controller 2090 in the case of the first modification
according to the first example embodiment are described as
follows.

(1) A plurality of light-emitting units of the optical sensor
2245 are switched on at the same time.

(2) The values of S1, S2, ST, S4, and S5 are calculated
from the signals output from the photosensors.

(3) The values of S5/S1 and S4/S2 are calculated.

(4) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S5/S1, S4/S2, and ST. Then, the
paper-type discrimination process is terminated.

In the third modification illustrated in FIG. 22, the values
of S5/S1, S4/S2, and ST are measured for every brand of
recording paper compatible with the color printer 2000 and
the results are stored in the ROM of the printer controller
2090 as a recording paper identification table, in advance of
shipment, for example, when adjustment processes are per-
formed in the factory. FIG. 23 illustrates the relationship
between S5/S1 and S4/S2 and the brands of recording paper,
according to the first example embodiment of the present
invention.

As described above, a plurality of photosensors are pro-
vided to detect the light diffused to several different direc-
tions, and the type of recording paper is determined based on
the calculated values such as the ratio of the output values
of the photosensors. Accordingly, precise determination
becomes possible in spite of the existing disturbance light or
stray light.

In the present modification, the printer controller 2090
may select several candidate brands of recording paper from
the measurement values of S1, S2, S3, S4, S5, and ST, and
these candidate brands can be narrowed down to a single
brand in consideration of the values of S5/S1 and S4/S2.

In the third modification of the first example embodiment,
S5/81 is used for determination when the values of S1 and
S5 are obtained. However, no limitation is indicated therein.
In a similar manner, no limitation is indicated to the use of
S4/S2 when the values of S2 and S4 are obtained.

In addition to the photosensor 17, the photosensor 19, and
the polarizing filter 18 as described above, a photosensor
that detects the amount of the surface diffuse reflection light
in a similar manner to the photosensor 17 (this photosensor
is referred to as a photosensor 22), a polarizing filter that is
similar to the polarizing filter 18 (this photosensor is referred
to as a polarizing filter 24), and a photosensor that receives
the light that has passed the polarizing filter 24 (this pho-
tosensor is referred to as a photosensor 23) may further be
provided. Here, the output levels of the photosensor 22 and
the photosensor 23 are referred to as “S6” and “S77,
respectively. In this case, paper-type discrimination may be
performed by using the values of (S5/S1+S7/S1), (S4/S2+
56/82), and ST. Moreover, paper-type discrimination may be
performed by using the values of S5/S1, S7/S1, S4/S2,
S6/S2, and ST. As a matter of course, a recording paper
identification table is generated for the calculation of paper-
type discrimination in advance of shipment, for example,
when adjustment processes are performed in the factory, and
is stored in the ROM of the printer controller 2090.
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In the present example embodiment, a conventional laser
diode (LD) may be used in place of the surface emitting laser
array. However, when a conventional LD is used, as illus-
trated in FIG. 24 as an example, a polarizing filter 25 needs
to be arranged to obtain the s-polarized light from the
irradiation light.

In the first example embodiment, a processing device may
be added to the optical sensor such that the added processing
device performs at least a part of the paper-type discrimi-
nation process performed by the printer controller 2090.

The optical sensor 2245 is applicable to an image forming
apparatus that forms an image by ejecting ink onto recording

paper.

Second Embodiment

Next, the second example embodiment of the present
invention is described with reference to FIGS. 25 to 31. FIG.
25 is a schematic diagram illustrating the configuration of
the color printer 2000 according to the second example
embodiment of the present invention.

The color printer 2000 according to the present example
embodiment uses the sensor apparatus 100 in place of the
optical sensor 2245, arranged near the operation panel
outside the printer cabinet 2200, and is used to determine the
brand of the recording paper. In regard to the other aspects
of the configuration, the color printer 2000 according to the
present example embodiment is equivalent to that of the first
example embodiment described above. For this reason, the
description concentrates on the differences from the first
example embodiment. In the description of the second
example embodiment, like reference signs are given to
elements similar to those described in the first example
embodiment, and the description of such similar elements
are omitted.

The sensor apparatus 100 is a stationary sensor apparatus.
As illustrated in FIG. 26 as an example, the sensor apparatus
100 is shaped like a quadrangular pyramid, and has a slit of
specified depth in the insertion direction of the recording
paper M. In the XYZ three-dimensional orthogonal coordi-
nate system according to the present example embodiment,
it is assumed that the direction orthogonal to the surface of
the recording paper M is the Z-axis direction, and that the
direction in which the recording paper M is inserted into the
slit is the +X direction.

FIG. 27 illustrates the configuration of the sensor appa-
ratus 100 according to the second example embodiment. As
illustrated in FIG. 27, the sensor apparatus 100 includes, for
example, the light source 11, the collimate lens 12, the two
photosensors 13 and 15, the polarizing filter 14, a paper
sensor 53, a displacement sensor 54, a pressing member 61,
a plurality of spring members 62, a processing device 110,
and a sensor cabinet 120. Note that the light source 11, the
collimate lens 12, the two photosensors 13 and 15, the
polarizing filter 14 of the sensor apparatus 100 form an
optical sensor. In FIG. 27, the wall on the -Y side of the
sensor cabinet 120 is removed for ease of illustration of the
inner structure.

The sensor cabinet 120 includes an inner wall 121 that
forms the wall on the +Z side of the slit. The optical sensor
is enclosed in the sensor cabinet 120, and is placed on the +Z
side of the inner wall 121. The inner wall 121 has an opening
thereon.

The light flux that has passed through the collimate lens
12 passes the opening of the inner wall 121 to irradiate the
recording paper M.
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The pressing member 61 is arranged on the -Z side of the
inner wall 121, and is attached to the sensor cabinet 120
through the spring members 62. When the recording paper
M is not inserted into the slit, the +Z side surface of the
pressing member 61 is in contact with the —Z side surface of
the inner wall 121. The -Z side surface of the inner wall 121
serves as a reference plane when the thickness of the
recording paper M is measured.

FIG. 28 illustrates the pressing force exerted on the
pressing member 61, according to the second example
embodiment. When the recording paper M is inserted into
the slit, the pressing member 61 moves to the -Z side, and
the recording paper M slides into the space between the
inner wall 121 and the pressing member 61. When the
pressing member 61 moves to the —Z side, the pressing force
towards the +Z side is given to the pressing member 61 due
to the resilience of the spring members 62. Accordingly, the
recording paper M is pressed by the pressing member 61
against the inner wall 121. By so doing, the irradiation
position or angle of incidence of the light is fixed with
reference to the recording paper M, and the optical sensor
can obtain a stable amount of reflection light. In other words,
an improved precision is achieved in determining the brand
of the recording paper M. If the recording paper M is not in
intimate contact with the inner wall 121, the irradiation
position or angle of incidence of the light fluctuates, and the
brand of the recording paper M cannot be determined with
precision.

Moreover, when the recording paper M is in full contact
with the inner wall 121, a gap between the recording paper
M and the optical sensor is minimized and the noise gen-
erated by disturbance light can be prevented. Further, the
light (laser light) can be prevented from leaking to the
outside of the sensor apparatus 100, and the safety for an
operator is improved accordingly.

The intensity of the pressing force applied to the pressing
member 61 by the spring members 62 is controlled such that
the recording paper M can easily be pulled out from the slit.
Ifthe pressing force is too great, it becomes difficult to insert
the recording paper M into the slit smoothly, and the
recording paper M may be damaged when the recording
paper M is pulled out from the slit. On the other hand, if the
pressing force is too weak, a gap is created between the
recording paper M and the inner wall 121, and the brand of
the recording paper M may not be determined with preci-
sion.

The paper sensor 53 detects whether or not the recording
paper M has reached a specified position (bottom) of the slit,
and transmits to the processing device 110, for example, a
high-level (H) signal when detected that the recording paper
M has reached the specified position and a low-level (L)
signal when detected that the recording paper M has not
reached the specified position. A signal output from the
paper sensor 53 serves as a timing signal used by the
processing device 110 to determine the brand of the record-
ing paper M.

The displacement sensor 54 is a cantilever displacement
sensor, and transmits to the processing device 110 pulses
whose number corresponds to the level of the displacement
caused to the cantilever of the displacement sensor 54. In
FIGS. 27 and 28, the tip of the cantilever is in contact with
the -Z side surface of the pressing member 61. In this case,
the displacement sensor 54 transmits to the processing
device 110 pulses whose number corresponds to the amount
of the movement of the pressing member 61 in the Z-axis
direction. Hereinafter, the number of the pulses output from
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the displacement sensor 54 when the recording paper M is
inserted into the slit is referred to as “St”.

FIG. 29 is a block diagram illustrating the configuration
of the processing device 110 according to the second
example embodiment. As illustrated in FIG. 29, the process-
ing device 110 according to the second example embodi-
ment of the present invention includes a CPU 111, a ROM
112, a RAM 113, a light source drive circuit 114, a current/
voltage converter 115, an A/D converter 116, a counter 117,
and an interface 118.

The power is supplied to the processing device 110 from
the printer controller 2090 through a cable, and the process-
ing device 110 performs bidirectional data communication
with the printer controller 2090.

The ROM 112 stores a program described by codes
readable by the CPU 111 and various kinds of data used for
executing the program. The RAM 113 serves as a working
memory.

The light source drive circuit 114 transmits a light-source
driving signal to the light source 11 in accordance with the
instructions provided by the CPU 111.

The current/voltage converter 115 converts the current
signal output from the photosensors into a voltage signal.
The A/D converter 116 converts the voltage signal output
from the current/voltage converter 115 from an analog signal
to a digital signal.

The counter 117 counts the number of the pulses output
from the displacement sensor 54.

The interface 118 is a communication interface compat-
ible with a universal serial bus (USB) or RS-232C, and
controls the bidirectional data communication with the
printer controller 2090.

The CPU 111 determines the brand of recording paper by
using the program stored in the ROM 112. The printer
controller 2090 is notified of the result of the determination.

In the present example embodiment, the values of S1, S2,
and St are measured for every brand of recording paper
compatible with the color printer 2000 and the results are
stored in the ROM 112 as a recording paper identification
table, in advance of shipment, for example, when adjustment
processes are performed in the factory.

FIG. 30 depicts the relationship between brands and the
values of St, according to the second example embodiment
of the present invention.

When the measurement values of only S1 and S2 are used
as in FIG. 17, several ranges of variations that correspond to
aplurality of brands overlap with each other. However, if the
measurement values of ST are integrated into FIG. 17, such
overlapping portions may be reduced or eliminated.

Next, processes in which the brand of the recording paper
M is determined (brand determination processes) are
described.

Firstly, the operation performed by an operator in the
brand determination processes are described.

1. The recording paper M is inserted into the slit of the
sensor apparatus 100.

2. A request for a determination process is made through
an operation panel. This request for a determination process
is sent to the processing device 110 of the sensor apparatus
100 through the operation panel and the printer controller
2090.

3. After a specified period of time (for example, five
seconds), the recording paper M is pulled out from the slit
of the sensor apparatus 100.

Once the request for a determination process is received,
the processing device 110 starts a brand determination
process.



US 9,429,513 B2

21

(1) The signal output from the paper sensor 53 is referred
to, and when it is confirmed that the recording paper M is at
a specified position, a plurality of light-emitting units of the
light source 11 are switched on at the same time.

(2) The values of S1 and S2 are calculated from the
signals output from the photosensors.

(3) The number of the pulses St output from the displace-
ment sensor 54 is measured when the recording paper M is
pulled out from the slit.

(4) The light-emitting units of the light source 11 are
switched off.

(5) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S1, S2, and St.

FIG. 31 illustrates three-dimensional coordinates related
to a method of identitying the brand of recording paper,
according to the second example embodiment. As illustrated
in FIG. 31, for example, three-dimensional coordinates with
the axes of S1, S2, and St are assumed. The recording paper
identification table is referred to, and the brand whose range
of variation includes, for example, coordinates P (a, b, ¢) are
determined, where “a”, “b”, and “c” indicate the measure-
ment values of S1, S2, and St, respectively. For example,
when the coordinates P (a, b, c¢) belong to the range of
variation of the Brand D only, the brand of the recording
paper is determined to be the Brand D. For example, when
the coordinates P (a, b, ¢) do not belong to the range of
variation of any brand, the brand of the recording paper is
determined to be the brand whose range of variation is
closest to the coordinates P (a, b, ¢). For example, when the
coordinates P (a, b, ¢) belong to the ranges of variation of
both the Brand A and Brand B, firstly, the difference between
the mean values obtained for the Brand A and the measure-
ment values (i.e., a, b, and c) as well as the difference
between the mean values obtained for the Brand B and the
measurement values (i.e., a, b, and ¢) are calculated. Then,
the brand of the recording paper is determined to be the
brand whose calculated difference is smaller than any other.

Alternatively, the brand of the recording paper may be
determined as follows. Firstly, it is assumed that the brand
of the recording paper is the Brand A, and the variation of
the Brand A is calculated again with the data to which the
measurement values (i.e., a, b, and c¢) are added. Secondly,
it is assumed that the brand of the recording paper is the
Brand B, and the variation of the Brand B is calculated again
with the data to which the measurement values (i.e., a, b, and
c) are added. Then, the brand of the recording paper is
determined to be the brand whose re-calculated variation is
smaller than any other.

Alternatively, the brand of the recording paper may be
determined as follows. Several candidate brands are deter-
mined based on the measurement values of S1 and S2, and
these candidate brands are narrowed down to a single brand
in consideration of the measurement value of St.

Further, the brand of the recording paper may be deter-
mined as follows. Several candidate brands are determined
based on the measurement value of St, and these candidate
brands are narrowed down to a single brand in consideration
of the measurement values of S1 and S2.

(6) The printer controller 2090 is notified of the result of
the determination. Then, the brand determination process is
terminated.

The printer controller 2090 controls the display of the
operation panel to display the determination results obtained
from the processing device 110, and stores these determi-
nation results in the RAM of the printer controller 2090.
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When the identified brand of the recording paper is
displayed on the display of the operation panel, an operator
sets the recording paper of the specified brand to the paper
feed tray 2060. The brand of the recording paper displayed
on the display of the operation panel may be registered into
the printer controller 2090 by using the keys on the operation
panel.

Then, the printer controller 2090 reads the brand of the
recording paper from the RAM when a request for a print job
is received, and then determines optimal developing condi-
tions and transferring conditions from the development and
transfer table for the specified brand of the recording paper.

Then, the printer controller 2090 controls the develop-
ment device and transfer device of each image forming
station in accordance with the determined optimal develop-
ing conditions and transferring conditions. For example, the
printer controller 2090 controls the transfer voltage or the
amount of toner. Accordingly, a high-quality image is
formed on recording paper.

Conventionally, the glossiness of the surface of recording
paper is detected from the light quantity of the regular
reflection, and the smoothness of the surface of the recording
paper is detected from the ratio of the light quantity of the
regular reflection to the light quantity of the diffuse reflec-
tion, in order to determine the type of the recording paper.
By contrast, in the second example embodiment, not only
the glossiness and smoothness of the surface of recording
paper are detected by an optical sensor but also other
properties of the recording paper such as the thickness and
density of the recording paper are detected from the diffuse
reflection light from the inside of the recording paper.
Accordingly, the number of the identifiable types of record-
ing paper is increased compared with the conventional
technique, and identification accuracy is improved by using
a thickness sensor to more precisely detect the thickness of
the recording paper.

For example, it was difficult to distinguish plain paper
from matte coated paper with only the information of the
surface of recording paper used in the conventional identi-
fication technique. In the second example embodiment, the
information of the inside of recording paper is also used in
addition to the information of the surface of recording paper.
Accordingly, it becomes possible to distinguish a number of
brands of plain paper and a number of brands of matte
coated paper in addition to the simple distinction between
plain paper and matte coated paper. Further, the thickness
information of the recording paper is added, and it becomes
possible to more precisely distinguish a number of brands of
plain paper and a number of brands of matte coated paper.
In other words, according to the second example embodi-
ment, it becomes possible to determine the brand of object
recording paper by detecting a difference in thickness and at
least one of glossiness, smoothness, and density of the
recording paper.

As described above, the sensor apparatus 100 according
to the second example embodiment includes, for example,
the light source 11, the collimate lens 12, the photosensors
13 and 15, the polarizing filter 14, the paper sensor 53, the
displacement sensor 54, the pressing member 61, the spring
members 62, the processing device 110, and sensor cabinet
120. Note that the light source 11, the collimate lens 12, the
photosensors 13 and 15, the polarizing filter 14 of the sensor
apparatus 100 form an optical sensor.

The light source 11 and the collimate lens 12 form an
irradiation system, and the irradiation system emits the
s-polarized light to recording paper in a direction oblique to
the z-axis direction. The photosensor 15 is arranged on the
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optical path of the light that is emitted from the irradiation
system and then is reflected at the recording paper by regular
reflection (surface regular reflection light). The polarizing
filter 14 and the photosensor 13 are arranged on the optical
path of the light that is reflected by diffuse reflection in the
direction of the normal line drawn from the surface of the
recording paper. The polarizing filter 14 transmits the p-po-
larized light, and the photosensor 13 receives the light that
has passed through the polarizing filter 14 (i.e., the p-polar-
ized light included in the internal reflection light). The
displacement sensor 54 detects the thickness of the record-
ing paper via the pressing member 61. The optical sensor is
arranged opposite the displacement sensor 54 across the
recording paper.

The processing device 110 determines the brand of
recording paper based on the signals output from the pho-
tosensors and the signal output from the displacement sensor
54.

As described above, the light quantity of the p-polarized
light included in the internal reflection light is detected.
Accordingly, it becomes possible to achieve precise sepa-
ration of the internal reflection light. Conventionally, such
separation of the light reflected from the inside of recording
paper was difficult to achieve. The reflection light from the
inside of recording paper includes the information about the
inside state of the recording paper, and thus it becomes
possible to improve the level of paper discrimination such
that the level of the recording paper can be determined.
Conventionally, such determination of brand was difficult.
Moreover, the thickness of recording paper is detected, and
this also contributes to the improvement of discrimination
accuracy.

Accordingly, the processing device 110 can identify the
type of recording paper more precisely than the conventional
technique.

Moreover, as the light source 11 has a surface emitting
laser array, it becomes possible to reduce the size and cost
of the sensor apparatus 100.

Due to the provision of the sensor apparatus 100, the color
printer 2000 according to the second example embodiment
can form a high-quality image. Further, troublesome manual
settings or failure in printing due to a setting error, which are
still present in the conventional products, can be eliminated
in the present example embodiment.

The number of the photosensors may be increased when
an error is expected due to disturbance light or stray light.

FIG. 32 illustrates a first modification of an optical sensor,
according to the second example embodiment of the present
invention. As illustrated in FIG. 32, for example, the optical
sensor 2245 may further include the photosensor 17. As
illustrated in FIG. 32, reflection light including the surface
diffuse reflection light and internal reflection light enters the
photosensor 17. At this light receiving position, the amount
of the internal reflection light is very small compared with
the amount of the surface diffuse reflection light. For this
reason, it can be assumed that the amount of the light
received at the photosensor 17 is substantially equivalent to
the amount of the surface diffuse reflection light.

As illustrated in FIG. 32, for example, the angle y3
between the surface of the recording paper M and a line L3,
which is drawn from the irradiation center to the center of
the photosensor 17, is 120 degrees. Note that the center of
the light source 11, the irradiation center, the center of the
polarizing filter 14, and the centers of the photosensors are
disposed on substantially the same plane.

The brand determination processes performed by the
processing device 110 in the case of the first modification
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according to the second example embodiment are described
as follows. Assuming that the recoding paper M is irradiated
with the light flux emitted from the light source 11, the signal
level of the signal output from the photosensor 17 is referred
to as “S3”.

(1) The signal output from the paper sensor 53 is referred
to, and when it is confirmed that the recording paper M is at
a specified position, a plurality of light-emitting units of the
light source 11 are switched on at the same time.

(2) The values of S1, S2, and S3 are calculated from the
signals output from the photosensors.

(3) The number of the pulses St output from the displace-
ment sensor 54 is measured when the recording paper M is
pulled out from the slit.

(4) The light-emitting units of the light source 11 are
switched off.

(5) The value of S3/S2 is calculated.

(6) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S1, S3/S2, and St.

(7) The printer controller 2090 is notified of the result of
the determination. Then, the brand determination process is
terminated.

In the first modification of the second example embodi-
ment illustrated in FIG. 32, the values of S1, S3/S2, and St
are measured for every brand of recording paper compatible
with the color printer 2000 and the results are stored in the
ROM 112 of the processing device 110 as a recording paper
identification table, in advance of shipment, for example,
when adjustment processes are performed in the factory.

FIG. 33 illustrates a second modification of an optical
sensor, according to the second example embodiment of the
present invention. As illustrated in FIG. 33, for example, the
optical sensor 2245 may further include the polarizing filter
18 and the photosensor 19. As illustrated in FIG. 33, the
polarizing filter 18 is arranged on the optical path of the
reflection light that includes the surface diffuse reflection
light and internal reflection light. The polarizing filter 18
transmits the p-polarized light and blocks the s-polarized
light.

The photosensor 19 is arranged on the optical path of the
light flux that has passed through the polarizing filter 18. The
photosensor 19 receives the p-polarized light included in the
internal reflection light.

As illustrated in FIG. 33, for example, the angle 4
between the surface of the recording paper M and a line 1.4,
which is drawn from the irradiation center to the centers of
the polarizing filter 18 and photosensor 19, is 150 degrees.
Note that the center of the light source 11, the irradiation
center, the centers of the polarizing filters, and the centers of
the photosensors are disposed on substantially the same
plane.

The brand determination processes performed by the
processing device 110 in the case of the second modification
according to the second example embodiment are described
as follows. Assuming that the recording paper M is irradi-
ated with the light flux emitted from the light source 11, the
signal level of the signal output from the photosensor 19 is
referred to as “S4”.

(1) The signal output from the paper sensor 53 is referred
to, and when it is confirmed that the recording paper M is at
a specified position, a plurality of light-emitting units of the
light source 11 are switched on at the same time.

(2) The values of S1, S2, and S4 are calculated from the
signals output from the photosensors.
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(3) The number of the pulses St output from the displace-
ment sensor 54 is measured when the recording paper M is
pulled out from the slit.

(4) The light-emitting units of the light source 11 are
switched off.

(5) The value of S4/Sa is calculated.

(6) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S4/S1, S2, and St.

(7) The printer controller 2090 is notified of the result of
the determination. Then, the brand determination process is
terminated.

In the second modification of the second example
embodiment illustrated in FIG. 33, the values of S4/S1, S2,
and St are measured for every brand of recording paper
compatible with the color printer 2000 and the results are
stored in the ROM 112 of the processing device 110 as a
recording paper identification table, in advance of shipment,
for example, when adjustment processes are performed in
the factory.

FIG. 34 illustrates a third modification of an optical
sensor, according to the second example embodiment of the
present invention. As illustrated in FIG. 34, for example, the
photosensor 17, the photosensor 19, and the polarizing filter
18 may further be provided.

The brand determination processes performed by the
processing device 110 in the case of the third modification
according to the second example embodiment are described
as follows.

(1) The signal output from the paper sensor 53 is referred
to, and when it is confirmed that the recording paper M is at
a specified position, a plurality of light-emitting units of the
light source 11 are switched on at the same time.

(2) The values of S1, S2, S3, and S4 are calculated from
the signals output from the photosensors.

(3) The number of the pulses St output from the displace-
ment sensor 54 is measured when the recording paper M is
pulled out from the slit.

(4) The light-emitting units of the light source 11 are
switched off.

(5) The values of S4/S1 and S3/S2 are calculated.

(6) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S4/S1, S3/S2, and St.

(7) The printer controller 2090 is notified of the result of
the determination. Then, the brand determination process is
terminated.

In the third modification of the second example embodi-
ment illustrated in FIG. 34, the values of S4/S1, S3/S2, and
St are measured for every brand of recording paper com-
patible with the color printer 2000 and the results are stored
in the ROM 112 of the processing device 110 as a recording
paper identification table, in advance of shipment, for
example, when adjustment processes are performed in the
factory FIG. 35 illustrates the relationship between S4/S1
and S3/82 and the brands of recording paper, according to
the second example embodiment of the present invention.

As described above, a plurality of photosensors are pro-
vided to detect the light diffused to several different direc-
tions, and the type of recording paper is determined based on
the calculated values such as the ratio of the output values
of the photosensors. Accordingly, precise determination
becomes possible in spite of the existing disturbance light or
stray light.

In the present modification, the printer controller 2090
may select several candidate brands of recording paper from
the measurement values of S1 and S2, and these candidate
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brands can be narrowed down to a single brand in consid-
eration of the values of S4/S1, S3/S2, and St.

In the third modification of the second example embodi-
ment, S4/S1 is used for determination when the values of S1
and S4 are obtained. However, no limitation is indicated
therein. In a similar manner, no limitation is indicated to the
use of S3/S2 when the values of S2 and S3 are obtained.

FIGS. 36A and 36B illustrate the influence of disturbance
light according to the second example embodiment of the
present invention. More specifically, a case in which deter-
mination is made with S1 and S2 only is compared with a
case in which determination is made with S4/S1 and S3/S2,
in regard to the influence of disturbance light. As illustrated
in FIG. 36A, when disturbance light is present and deter-
mination is made with S1 and S2 only, the values detected
by photosensors increase, which may lead to erroneous
determination. By contrast, as illustrated in FIG. 36B, when
disturbance light is present and determination is made with
S4/S1 and S3/S2, the values detected by photosensors are
substantially unchanged. This leads to accurate determina-
tion.

In addition to the photosensor 17, the photosensor 19, and
the polarizing filter 18 as described above, a photosensor
that detects the amount of the surface diffuse reflection light
in a similar manner to the photosensor 17 (this photosensor
is referred to as a photosensor 22), a polarizing filter that is
similar to the polarizing filter 18 (this photosensor is referred
to as a polarizing filter 24), and a photosensor that receives
the light that has passed the polarizing filter 24 (this pho-
tosensor is referred to as a photosensor 23) may further be
provided. Here, the output levels of the photosensor 22 and
the photosensor 23 are referred to as “S5” and “S6”,
respectively. In this case, paper-type discrimination may be
performed by using the values of (S4/S1+S6/S1), (S3/S2+
S5/S2), and St. Moreover, paper-type discrimination may be
performed by using the values of S4/S1, S6/S1, S3/S2,
S5/S2, and St. As a matter of course, a recording paper
identification table is generated for the calculation of paper-
type discrimination in advance of shipment, for example,
when adjustment processes are performed in the factory, and
is stored in the ROM of the printer controller 2090.

In the second example embodiment described above, an
optical displacement sensor that irradiates recording paper
with light and receives the light reflected from the recording
paper by using a position sensitive detector (PSD) or image
sensor may be provided in place of the displacement sensor
54.

In the second example embodiment described above, the
processing device 110 may notify the printer controller 2090
of the obtained values of S1, S2, and St, and the printer
controller 2090 may determine the brand of recording paper.
In this case, a recording paper identification table is stored
in the ROM of the printer controller 2090.

In the second example embodiment described above, a
power source may be integrated into the sensor apparatus
100. In that case, the power supply from the color printer
2000 is not necessary.

In the second example embodiment described above, data
may be communicated by radio between sensor apparatus
100 and the printer controller 2090.

In the second example embodiment described above, the
sensor apparatus 100 may be provided with an LED that
illuminates when recording paper is detected by the paper
sensor 53. Due to such provision of an LED, an operator can
easily notice that recording paper has been inserted to a
specified position.
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In the second example embodiment described above,
sensor apparatus 100 may obtain the signals output from
photosensors for every specified sampling period. For
example, when p pieces of data are obtained from each
photosensor, the output levels of the p pieces of data are
averaged, and the obtained average value may be used as a
measurement value.

In the second example embodiment described above, the
processing device 110 may be removed from the sensor
apparatus 100, and an independent processing device may
be provided outside the sensor apparatus 100 to identify
recording paper based on the signals output from photosen-
sors and the signal output from the displacement sensor 54.

In the second example embodiment described above, the
sensor apparatus 100 is described as a stationary apparatus.
However, no limitation is indicated therein, and a sensor
apparatus 200 that is portable may be provided instead.

The sensor apparatus 200 may be detached from the
printer cabinet 2200, and is arranged near the operation
panel such that an operator can pick it up with his/her hand.

FIG. 37 illustrates a portable version of the sensor appa-
ratus 200, according to the second example embodiment of
the present invention. As illustrated in FIG. 37, when the
brand of recording paper is to be determined, the sensor
apparatus 200 is moved on the surface of the recording paper
M. FIG. 38 illustrates the XZ cross section of the sensor
apparatus 200 according to the second example embodiment
of the present invention. In the configuration described in
FIG. 38, the optical sensor and the displacement sensor 54
are close to each other in the direction parallel with the
surface of the recording paper M (i.e., X-axis direction).
Here, the +X direction is the moving direction of the sensor
apparatus 200, and the displacement sensor 54 is arranged
on the +X side of the optical sensor.

The brand determination processes with the use of the
sensor apparatus 200 according to the present example
embodiment are described.

Firstly, the operation performed by an operator in the
brand determination processes are described.

1. The recording paper M is placed on the flat surface
arranged near the operation panel.

2. The sensor apparatus 200 is grabbed, and the sensor
apparatus 200 is placed on the recording paper M (see FIG.
39A).

3. Arequest for a determination process is made through
the operation panel. This request for a determination process
is sent to the processing device 110 of the sensor apparatus
200 through the operation panel and the printer controller
2090.

4. The sensor apparatus 200 is moved towards the +X
direction (see FIG. 39B).

5. When at least a part of the displacement sensor 54 of
the sensor apparatus 200 is off the recording paper M and is
placed above the flat surface (see FIG. 39C), the movement
of the sensor apparatus is stopped.

Once the request for a determination process is received,
the processing device 110 starts a brand determination
process.

(1) A plurality of light-emitting units of the light source 11
are switched on at the same time.

(2) The values of S1 and S2 are calculated from the
signals output from the photosensors.

(3) When the displacement sensor 54 of the sensor appa-
ratus 200 is off the recording paper M and is placed above
the flat surface, the number of pulses St output from the
displacement sensor 54 is measured.
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(4) The light-emitting units of the light source 11 are
switched off.

(5) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S1, S2, and St.

(6) The printer controller 2090 is notified of the result of
the determination. Then, the brand determination process is
terminated.

A mark (for example, an arrow) may be drawn on the
sensor cabinet 120 of the sensor apparatus 200 to indicate
the moving direction of the sensor apparatus 200.

In the sensor apparatus 200, the displacement sensor 54
may additionally be provided on the -X side of the optical
sensor. In that case, the sensor apparatus 200 may be moved
in both the +X direction and -X direction.

Additionally the sensor apparatus 100 may be divided into
an optical sensor 2245 and a thickness sensor 2246, as
described below.

FIG. 40 illustrates an example of arrangement in which
the sensor apparatus 100 is divided into the optical sensor
2245 and the thickness sensor 2246, according to the second
example embodiment of the present invention. In FIG. 40,
the optical sensor 2245 is arranged near the paper feed tray
2060, and the thickness sensor 2246 is arranged in the
conveyance path of recording paper taken from the paper
feed tray 2060.

FIG. 41 illustrates an example of the configuration of the
optical sensor 2245 according to the second example
embodiment of the present invention. As illustrated in FIG.
41, the optical sensor 2245 includes the light source 11, the
collimate lens 12, the photosensors 13 and 15, the polarizing
filter 14, and the dark box 16 that encloses these elements.

The dark box 16 according to the second example
embodiment is a box whose inner surface is treated to reduce
the influence of disturbance light and stray light, for
example, by choosing a specific color for the material,
painting the surface, chemically staining the surface, and
processing the surface with scratch-brush finish.

FIG. 42 illustrates an example of the configuration of the
thickness sensor 2246 according to the second example
embodiment. As illustrated in FIG. 42, the thickness sensor
2246 includes a paper feeding guide 51, guide rollers 52a,
52b, and 52¢, paper sensors 53a and 535, the displacement
sensor 54, and a metallic or engineering-plastic holding
member that holds these elements. In the thickness sensor
2246 of FIG. 42, it is assumed that the direction orthogonal
to the surface of the recording paper M is the z-axis
direction, and the x-axis direction and y-axis direction are
orthogonal to each other and are on the surface that is
orthogonal to the z-axis direction. Moreover, it is assumed
in the thickness sensor 2246 that the direction of travel of the
recording paper M is the +x direction.

The paper feeding guide 51 is made of metal or engineer-
ing plastic. The +z side surface of the paper feeding guide 51
is the surface on which the recording paper M is conveyed,
and serves as a reference plane when the thickness of the
recording paper M is measured.

The guide rollers 52a, 525, and 52¢ are arranged on the +z
side of the paper feeding guide 51, and press the recording
paper M against the +z side surface of the paper feeding
guide 51 to prevent the recording paper M from floating up
from the reference plane. Each of the guide rollers 52q, 525,
and 52c¢ is made, for example, by placing rubber over the
surface of a metallic shaft.

The paper sensors 53a and 535 are arranged on the +z side
of the paper feeding guide 51 to detect the presence of the
recording paper M. For example, the paper sensors 53a and
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53b transmit binary signals. More specifically, each of the
paper sensors 53a and 535 transmits a high-level (H) signal
to the printer controller 2090 when the recording paper M is
detected, and each of the paper sensors 53a and 535 trans-
mits a low-level (L) signal to the printer controller 2090
when the recording paper M is not detected. A signal output
from each of the paper sensors 53a and 53b serves as a
timing signal used by the printer controller 2090 to measure
the thickness of the recording paper M.

The displacement sensor 54 is, for example, a cantilever
displacement sensor, and is placed on the +z side of the
paper feeding guide 51. For example, the displacement
sensor 54 converts into the number of pulses the amount of
the displacement caused to the cantilever in the +z direction
with reference to the reference plane, and transmits the
obtained number of pulses to the printer controller 2090.

Next, the operation of the thickness sensor 2246 is
described.

(1) When the front end of the recording paper M is
inserted between the guide roller 524 and the paper feeding
guide 51 at timing t0, the recording paper M is pressed
against the reference plane by the guide roller 52a (see FIG.
43A).

(2) When the recording paper M moves towards the +x
direction and the front end of the recording paper M reaches
the detection area of the paper sensor 53¢ at timing t1 (see
FIG. 43B), the level of the signal output from the paper
sensor 53a changes from the L-level to the H-level.

(3) When the recording paper M further moves towards
the +x direction and the front end of the recording paper M
is inserted between the guide roller 526 and the paper
feeding guide 51, the recording paper M is pressed against
the reference plane by the guide roller 525.

(4) When the recording paper M further moves towards
the +x direction and the front end of the recording paper M
touches the cantilever of the displacement sensor 54 at
timing t2 (see FIG. 44A), the cantilever starts to be displaced
in the +z direction.

(5) When the recording paper M further moves towards
the +x direction, the cantilever is displaced in the +z
direction with reference to the reference plane by the thick-
ness of the recording paper M. Then, the displacement
sensor 54 transmits the pulses whose number corresponds to
the level of the displacement caused to the cantilever of the
displacement sensor 54.

(6) When the recording paper M further moves towards
the +x direction and the front end of the recording paper M
reaches the detection area of the paper sensor 535 at timing
13 (see FIG. 44B), the level of the signal output from the
paper sensor 535 changes from the L-level to the H-level.

(7) When the recording paper M further moves towards
the +x direction and the rear end of the recording paper M
passes the detection area of the paper sensor 53a, the level
of' the signal output from the paper sensor 53a changes from
the H-level to the L-level.

(8) When the recording paper M further moves towards
the +x direction and the rear end of the recording paper M
passes the detection area of the paper sensor 535, the level
of' the signal output from the paper sensor 536 changes from
the H-level to the L-level.

The printer controller 2090 measures the number of the
pulses output from the displacement sensor 54 since the
level of the signal output from the paper sensor 53a changes
from the L-level to the H-level and until the level of the
signal output from the paper sensor 535 changes from the
L-level to the H-level (see FIG. 45).
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Next, processes in which the brand of recording paper
stored in the paper feed tray 2060 is determined (brand
determination processes) are described. The brand determi-
nation processes are performed by the printer controller
2090.

(1) A plurality of light-emitting units of the light source 11
are switched on at the same time.

(2) The values of S1 and S2 are obtained from the
photosensors 13 and 15, respectively.

(3) The recording paper is conveyed from the paper feed
tray 2060, and the number of the pulses St output from the
displacement sensor 54 is measured.

(4) The light-emitting units of the light source 11 are
switched off.

(5) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S1, S2, and St.

(6) The identified brand of the recording paper is stored in
the RAM, and the paper-type discrimination process is
terminated.

FIG. 46 illustrates a first modification of the thickness
sensor 2246 according to the second example embodiment
of the present invention. In place of the displacement sensor
54, an eddy current type or capacitance-type displacement
sensor 60 may be provided. In this case, the displacement
sensor 60 is mounted on the pressing member 61 that presses
the recording paper M against the paper feeding guide 51,
such that the sensing surface of the displacement sensor 60
faces the pressing member 61. The pressing member 61 is
attached to the holding member 63 through the spring
members 62. The holding member 63 is fixed to a member
made of metal or engineering plastic.

When the recording paper M is not present, the pressing
member 61 is in contact with the +z side surface of the paper
feeding guide 51 as pressed by the spring members 62.
While the recording paper M is passing through the space
between the paper feeding guide 51 and the pressing mem-
ber 61, the displacement sensor 60 outputs the amount of
change in the distance (space) between the pressing member
61 and the paper feeding guide 51. Note that in order for an
eddy current type or capacitance-type displacement sensor
to function property, at least some portion of the reference
plane that faces the displacement sensor needs to be metal-
lic. For this reason, at least the surface of the paper feeding
guide 51 that faces the pressing member 61 needs to be
metal, or a metallic plate 64 needs to be attached underneath
the surface of the paper feeding guide 51 that faces the
pressing member 61. Moreover, the pressing member 61
needs to be nonmetal.

FIG. 47 illustrates a second modification of the thickness
sensor 2246 according to the second example embodiment.
As illustrated in FIG. 47, the displacement sensor 54 may be
arranged such that its cantilever is in contact with the +z side
surface of the pressing member 61. Also in this case, while
the recording paper M is passing through the space between
the paper feeding guide 51 and the pressing member 61, the
pulses whose number is proportionate to the thickness of the
recording paper are output. In the second modification of the
second example embodiment, the pressing member 61 may
be made of metal, which is different from the first modifi-
cation of the second example embodiment in which the eddy
current type or capacitance-type displacement sensor 60 is
used. Moreover, even when the paper feeding guide 51 is
nonmetal, the metallic plate 64 illustrated in FIG. 46 is not
necessary.

Note that the position at which the optical sensor 2245 is
arranged is not limited to the proximity of the paper feed tray
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2060. Moreover, the thickness sensor 2246 is not necessarily
arranged on the conveyance path of the recording paper
taken from the paper feed tray 2060. The optical sensor 2245
and the thickness sensor 2246 may be arranged so as to be
close to each other.

FIG. 48 illustrates Example 1 of arrangement in which the
displacement sensor 54 is arranged near the optical sensor
2245, according to the second example embodiment. FIG.
49 illustrates Example 2 of arrangement in which the
displacement sensor 2245 is arranged so as to face the
optical sensor 2245 across the recording paper M, according
to the second example embodiment.

The sensor apparatus 100 may be applied to an image
forming apparatus in which an image is formed by ejecting
ink onto recording paper.

Third Embodiment

Next, the third example embodiment of the present inven-
tion is described with reference to FIG. 50. The color printer
2000 according to the third example embodiment uses a
sensor apparatus 300 in place of the sensor apparatus 100. In
regard to the other aspects of the configuration, the color
printer 2000 according to the third example embodiment is
equivalent to that of the second example embodiment
described above. For this reason, the description concen-
trates on the differences from the second example. In the
description of the third example embodiment, like reference
signs are given to elements similar to those described in the
second example embodiment, and the description of such
similar elements are omitted.

As illustrated in FIG. 50 as an example, the sensor
apparatus 300 includes the light source 11, the collimate lens
12, the photosensors 13, 137, and 15, the polarizing filter 14,
the displacement sensor 54, the pressing member 61, the
dark box 16, and the processing device 110. Note that the
light source 11, the collimate lens 12, the photosensors 13,
13¢, and 15, the polarizing filter 14 of the sensor apparatus
300 form an optical sensor.

In order to prevent paper dust from entering the sensor
apparatus 100, the opening of the dark box 16 is sealed by
a transparent member.

Because the light that passes through the recording paper
is dispersed by the fibers of the recording paper, the amount
of the transmission light decreases when the recording paper
is thick, i.e., when the basis weight is greater. The regression
curve that indicates the relationship between the basis
weight and transmission light quantity of recording paper is
referred to as a basis weight estimation curve. The basis
weight estimation curve varies depending on the type of
paper, and thus the basis weight estimation curve is obtained
in advance for each type of recording paper.

Next, processes in which the brand of the recording paper
M is determined (brand determination processes) are
described.

Firstly, the operation performed by an operator in the
brand determination processes are described.

1. The recording paper M is inserted between the pressing
member 61 and the dark box 16.

2. A request for a determination process is made through
an operation panel. This request for a determination process
is sent to the processing device 110 of the sensor apparatus
300 through the operation panel and the printer controller
2090.

3. After a specified period of time (for example, five
seconds), the recording paper M is pulled out from between
the pressing member 61 and the dark box 16.
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Once the request for a determination process is received,
the processing device 110 starts a brand determination
process.

(1) The signal output from the displacement sensor 54 is
referred to, and when it is confirmed that the recording paper
M is at a specified position, a plurality of light-emitting units
of the light source 11 are switched on at the same time.

(2) The values of S1, S2, and ST are calculated from the
signals output from the photosensors.

(3) The number of the pulses St output from the displace-
ment sensor 54 is measured when the recording paper M is
pulled out.

(4) The light-emitting units of the light source 11 are
switched off.

(5) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S1, S2, and at least one of ST and St.
When several candidate brands are determined in this step,
such candidate brands can be narrowed down to a single
brand as follows.

(6) The type of the recording paper is determined based on
the obtained value of S2. In this step, it is determined that the
recording paper is, for example, plain paper or gloss coated
paper.

(7) The thickness of the recording paper is estimated from
the obtained values of S2 and St.

(8) Whether the estimated thickness is equal to or greater
than a specified value is determined, and when the estimated
thickness is equal to or greater than the specified value, the
basis weight of the recording paper is estimated from the
obtained values of S2 and St. On the other hand, when the
estimated thickness is less than the specified value, the basis
weight of the recording paper is estimated from the obtained
values of S2, St, and ST.

(9) The brand of the recording paper is determined based
on the results obtained in step (5) and steps (6) to (8). Note
that the brand determination process described above is
merely an example, and no limitation in limited therein.

(10) The printer controller 2090 is notified of the result of
the determination. Then, the brand determination process is
terminated.

The printer controller 2090 controls the display of the
operation panel to display the determination results obtained
from the processing device 110, and stores these determi-
nation results in the RAM of the printer controller 2090.

When the identified brand of the recording paper is
displayed on the display of the operation panel, an operator
sets the recording paper of the specified brand to the paper
feed tray 2060. The brand of the recording paper displayed
on the display of the operation panel may be registered into
the printer controller 2090 by using the keys on the operation
panel.

Then, the printer controller 2090 reads the brand of the
recording paper from the RAM when a request for a print job
is received, and then determines optimal developing condi-
tions and transferring conditions from the development and
transfer table for the specified brand of the recording paper.

Then, the printer controller 2090 controls the develop-
ment device and transfer device of each image forming
station in accordance with the determined optimal develop-
ing conditions and transferring conditions. For example, the
printer controller 2090 controls the transfer voltage or the
amount of toner. Accordingly, a high-quality image is
formed on recording paper.

Conventionally, the glossiness of the surface of recording
paper is detected from the light quantity of the regular
reflection, and the smoothness of the surface of the recording
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paper is detected from the ratio of the light quantity of the
regular reflection to the light quantity of the diffuse reflec-
tion, in order to determine the type of the recording paper.
By contrast, in the third example embodiment, an optical
sensor and a displacement sensor are used to detect the
transmission light and the diffuse reflection light from the
inside of the recording paper to obtain information including
other properties of the recording paper such as the thickness
and density of the recording paper. Further, the output from
the displacement sensor is detected. Accordingly, identifi-
cation accuracy is improved.

For example, it was difficult to distinguish plain paper
from matte coated paper with only the information of the
surface of recording paper, which is used in the conventional
identification technique. In the third example embodiment,
the information of the inside of recording paper is also used
in addition to the information of the surface of recording
paper. Accordingly, it becomes possible to distinguish a
number of brands of plain paper and a number of brands of
matte coated paper in addition to the distinction between
plain paper and matte coated paper. Further, the thickness
information of the recording paper is added, and it becomes
possible to more precisely distinguish a number of brands of
plain paper and a number of brands of matte coated paper.
In other words, according to the present example embodi-
ment, it becomes possible to determine the brand of an
object by detecting a difference in thickness and at least one
of glossiness, smoothness, and density of the recording
paper.

Alternatively, the brand of the recording paper may be
determined as follows. Several candidate brands are deter-
mined based on the measurement values of Sa and S2, and
these candidate brands are narrowed down to a single brand
in consideration of the measurement value of St.

Further, the brand of the recording paper may be deter-
mined as follows. Several candidate brands are determined
based on the measurement value of St, and these candidate
brands are narrowed down to a single brand in consideration
of the measurement values of S1 and S2.

Alternatively, the brand of the recording paper may be
determined as follows. Several candidate brands are deter-
mined based on the measurement values of S1 and S2, and
these candidate brands are narrowed down to a single brand
in consideration of the measurement value of ST.

Alternatively, the brand of the recording paper may be
determined as follows. Several candidate brands are deter-
mined based on the measurement value of ST, and these
candidate brands are narrowed down to a single brand in
consideration of the measurement values of S1 and S2.

The priority among the displacement sensor 54, the pho-
tosensor 13#, and the photosensor 13 in regard to the
information about the thickness of recording paper is as
follows: displacement sensor 54>photosensor
13#>photosensor 13. Here, the design concept of the third
example embodiment is described.

The displacement sensor 54 has high basis weight esti-
mation accuracy for thick paper, but has low basis weight
estimation accuracy for thin paper. This is because an error
in the measurement of the displacement sensor 54 is made
for only mechanical reason, and is not dependent on the
thickness of paper. Accordingly, a relative error is smaller
for thick paper.

The photosensor 137 has high basis weight estimation
accuracy for thin paper, but has low basis weight estimation
accuracy for thick paper. This is because thin paper easily
transmits light and the correlation between transmission
light quantity and basis weight is high, and thick paper
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transmits only a small amount of light and the S/N is small.
Moreover, thick paper may be a board (with layered struc-
ture, some of which has white surface but has an inner layer
that absorbs a large amount of light), or the surface of thick
paper may be uneven. In such cases, the correlation between
transmission light quantity and basis weight becomes low.

The output from the photosensor 13 indicates the fiber
structure or density, material, or thickness of recording
paper. However, the light received by the photosensor 13
includes polarized components of the mutiplex diffuse
reflection light from the surface. For this reason, the mea-
surement values obtained by the photosensor 13 are based
on the paper thickness and basis weight, but are not precise
enough to perform direct estimation.

In the third example embodiment, basis weight is esti-
mated by performing weighted calculation. More specifi-
cally, the output from the displacement sensor 54 is used for
calculating the basis weight of thick paper, and the output
from both the photosensor 137 and the photosensor 13 is
used for calculating the basis weight of thin paper.

As described above, the sensor apparatus 300 according
to the present example embodiment includes, for example,
the light source 11, the collimate lens 12, the photosensors
13, 13¢, and 15, the polarizing filter 14, the displacement
sensor 54, the pressing member 61, and the processing
device 110. Note that the light source 11, the collimate lens
12, the photosensors 13, 137, and 15, the polarizing filter 14
of the sensor apparatus 300 form an optical sensor.

The light source 11 and the collimate lens 12 form an
irradiation system, and the irradiation system emits the
s-polarized light to recording paper in a direction oblique to
the z-axis direction. The photosensor 15 is arranged on the
optical path of the light that is emitted from the irradiation
system and then is reflected at the recording paper by regular
reflection (surface regular reflection light). The polarizing
filter 14 and the photosensor 13 are arranged on the optical
path of the light that is reflected by diffuse reflection in the
direction of the normal line drawn from the surface of the
recording paper. The polarizing filter 14 transmits the p-po-
larized light, and the photosensor 13 receives the light that
has passed through the polarizing filter 14 (i.e., the p-polar-
ized light included in the internal reflection light). The
photosensor 137 receives the light that has passed through
the recording paper. The displacement sensor 54 detects the
thickness of the recording paper.

The processing device 110 determines the brand of
recording paper based on the signals output from the pho-
tosensors and the signal output from the displacement sensor
54.

As described above, the light quantity of the p-polarized
light included in the internal reflection light is detected.
Accordingly, it becomes possible to achieve precise sepa-
ration of the internal reflection light. Conventionally, such
separation of the light reflected from the inside of recording
paper was difficult to achieve. The reflection light from the
inside of recording paper includes the information about the
inside state of the recording paper. Thus, by detecting the
amount of the transmission light that includes the thickness
information of an object, it becomes possible to improve the
level of paper discrimination such that the level of the
recording paper can be determined. Conventionally, such
determination of brand was difficult. The thickness of
recording paper is detected in the present example embodi-
ment, and this also contributes to the improvement of
discrimination accuracy.
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Accordingly, the processing device 110 can identify the
type of recording paper more precisely than the conventional
technique.

Because the light source 11 includes a plurality of light-
emitting units, the light quantity of the p-polarized light
included in the internal reflection light or the transmission
light quantity can be increased by switching on all the
light-emitting units at the same time.

Due to the provision of the sensor apparatus 300, the color
printer 2000 according to the third example embodiment can
form a high-quality image. Further, troublesome manual
settings or failure in printing due to a setting error, which are
still present in the conventional products, can be eliminated
in the present example embodiment.

The number of the photosensors may be increased when
an error is expected due to disturbance light or stray light.

FIG. 51 illustrates a first modification of an optical sensor,
according to the third example embodiment. As illustrated in
FIG. 51, for example, the optical sensor 2245 may further
include the photosensor 17. As illustrated in FIG. 51, reflec-
tion light including the surface diffuse reflection light and
internal reflection light enters the photosensor 17. At this
light receiving position, the amount of the internal reflection
light is very small compared with the amount of the surface
diffuse reflection light. For this reason, it can be assumed
that the amount of the light received at the photosensor 17
is substantially equivalent to the amount of the surface
diffuse reflection light.

As illustrated in FIG. 51, for example, the angle y3
between the surface of the recording paper M and a line L3,
which is drawn from the irradiation center to the center of
the photosensor 17, is 120 degrees. Note that the center of
the light source 11, the irradiation center, the center of the
polarizing filter 14, and the centers of the photosensors are
substantially on the same plane.

The brand determination processes performed by the
processing device 110 in the case of the third modification
according to the third example embodiment are described as
follows. Assuming that the recording paper M is irradiated
with the light flux emitted from the light source 11, the signal
level of the signal output from the photosensor 17 is referred
to as “S4”.

(1) The signal output from the displacement sensor 54 is
referred to, and when it is confirmed that the recording paper
M is at a specified position, a plurality of light-emitting units
of the light source 11 are switched on at the same time.

(2) The values of S1, S2, S4, and ST are calculated from
the signals output from the photosensors.

(3) The number of the pulses St output from the displace-
ment sensor 54 is measured when the recording paper M is
pulled out.

(4) The light-emitting units of the light source 11 are
switched off.

(5) The value of S4/S2 is calculated.

(6) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S1, S4/S2, St, and at least one of ST
and St.

(7) The printer controller 2090 is notified of the result of
the determination. Then, the brand determination process is
terminated.

In the first modification of the third example embodiment
illustrated in FI1G. 51, the values of S1, S4/S2, St, and ST are
measured for every brand of recording paper compatible
with the color printer 2000 and the results are stored in the
processing device 110 as a recording paper identification
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table, in advance of shipment, for example, when adjustment
processes are performed in the factory.

FIG. 52 illustrates the second modification of an optical
sensor, according to the third example embodiment. As
illustrated in FIG. 52, for example, the optical sensor 2245
may further include the photosensor 19 and the polarizing
filter 18. As illustrated in FIG. 52, the polarizing filter 18 is
arranged on the optical path of reflection light including the
surface diffuse reflection light and internal reflection light.
The polarizing filter 18 transmits the p-polarized light and
blocks the s-polarized light.

The photosensor 19 is arranged on the optical path of the
light flux that has passed through the polarizing filter 18. The
photosensor 19 receives the p-polarized light included in the
internal reflection light.

As illustrated in FIG. 52, for example, the angle 4
between the surface of the recording paper M and a line LA,
which is drawn from the irradiation center to the centers of
the polarizing filter 18 and photosensor 19, is 150 degrees.
Note that the center of the light source 11, the irradiation
center, the centers of the polarizing filters, and the centers of
the photosensors are disposed on substantially the same
plane.

The brand determination processes performed by the
processing device 110 in the case of the third modification
according to the third example embodiment are described as
follows. Assuming that the recording paper M is irradiated
with the light flux emitted from the light source 11, the signal
level of the signal output from the photosensor 19 is referred
to as “S5”.

(1) The signal output from the displacement sensor 54 is
referred to, and when it is confirmed that the recording paper
M is at a specified position, a plurality of light-emitting units
of the light source 11 are switched on at the same time.

(2) The values of S1, S2, S5, and ST are calculated from
the signals output from the photosensors.

(3) The number of the pulses St output from the displace-
ment sensor 54 is measured when the recording paper M is
pulled out.

(4) The light-emitting units of the light source 11 are
switched off.

(5) The value of S5/S1 is calculated.

(6) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S5/S1, S2, and at least one of ST and
St.

(7) The printer controller 2090 is notified of the result of
the determination. Then, the brand determination process is
terminated.

In the second modification of the third example embodi-
ment illustrated in FIG. 52, the values of S5/S1, S2, St, and
ST are measured for every brand of recording paper com-
patible with the color printer 2000 and the results are stored
in the ROM 112 of the processing device 110 as a recording
paper identification table, in advance of shipment, for
example, when adjustment processes are performed in the
factory.

FIG. 53 illustrates a third modification of an optical
sensor, according to the third example embodiment. As
illustrated in FIG. 53, for example, the optical sensor 2245
may further include the photosensor 17, the photosensor 19,
and the polarizing filter 18.

The brand determination processes performed by the
processing device 110 in the case of the third modification
according to the third example embodiment are described as
follows.



US 9,429,513 B2

37

(1) The signal output from the displacement sensor 54 is
referred to, and when it is confirmed that the recording paper
M is at a specified position, a plurality of light-emitting units
of the light source 11 are switched on at the same time.

(2) The values of S1, S2, S4, S5, and ST are calculated
from the signals output from the photosensors.

(3) The number of the pulses St output from the displace-
ment sensor 54 is measured when the recording paper M is
pulled out.

(4) The light-emitting units of the light source 11 are
switched off.

(5) The values of S5/S1 and S4/S2 are calculated.

(6) The recording paper identification table is referred to,
and the brand of the recording paper is determined based on
the obtained values of S5/S1 and S4/S2, and at least one of
ST and St.

(7) The printer controller 2090 is notified of the result of
the determination. Then, the brand determination process is
terminated.

In the third modification of the third example embodiment
illustrated in FIG. 53, the values of S5/S1, S4/S2, St, and ST
are measured for every brand of recording paper compatible
with the color printer 2000 and the results are stored in the
ROM 112 of the processing device 110 as a recording paper
identification table, in advance of shipment, for example,
when adjustment processes are performed in the factory.

As described above, a plurality of photosensors are pro-
vided to detect the light diffused to several different direc-
tions, and the type of recording paper is determined based on
the calculated values such as the ratio of the output values
of the photosensors. Accordingly, precise determination
becomes possible in spite of the existing disturbance light or
stray light.

In the third modification of the third example embodi-
ment, the printer controller 2090 may select several candi-
date brands of recording paper from the measurement values
of S1 and S2, and these candidate brands can be narrowed
down to a single brand in consideration of the values of
55/S1, S4/S2, and at least one of St and ST.

In the third modification of the third example embodi-
ment, S5/S1 is used for determination when the values of S1
and S5 are obtained. However, no limitation is indicated
therein. In a similar manner, no limitation is indicated to the
use of S4/S2 when the values of S2 and S4 are obtained.

In the third example embodiment described above, the
processing device 110 may notify the printer controller 2090
of the obtained values of S1, S2, St, and ST, and the printer
controller 2090 may determine the brand of recording paper.
In this case, a recording paper identification table is stored
in the ROM of the printer controller 2090.

FIG. 54 illustrates Modification 4 of an optical sensor,
according to the third example embodiment. As illustrated in
FIG. 54, for example, the optical sensor 2245 may further
include two mirrors 21 and 22.

In Modification 4 of the third example embodiment, the
light source 11 emits light flux in the direction parallel to the
z-axis, and the collimate lens 12 is arranged so as to make
the optical axis be parallel to the z-axis.

The mirror 21 deflects the light that has passed the
collimate lens 12, and bends the optical path such that the
angle of incidence on the recording paper M becomes 80
degrees.

The mirror 22 is equivalent to the mirror 21, and is
arranged on the opposite side of the mirror 21 in the X-axis
direction, with reference to the opening. Accordingly, the
optical path of the surface regular reflection light from the
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recording paper M is bent such that the direction of travel
becomes parallel to the z-axis.

The photosensor 15 is arranged on the +Z side of the
mirror 22 to receive the surface regular reflection light
whose optical path is bent by the mirror 22.

In Modification 4 of the third example embodiment
described above, a member that supports the light source 11,
the collimate lens 12, and the photosensor 15 in an inclined
state is not necessary, and the electric circuit can be simpli-
fied. Accordingly, the cost and size may be reduced.

FIG. 55 illustrates Modification 5 of an optical sensor,
according to the third example embodiment. In the optical
sensor described above, a conventional LD may be used in
place of the surface emitting laser array. However, when a
conventional LD is used, as illustrated in FIG. 55 as an
example, the polarizing filter 25 needs to be arranged to
obtain the s-polarized light from irradiation light.

For an optical sensor that identifies recording paper based
on the reflection light quantity, the measurement reproduc-
ibility is crucial. In an optical sensor that identifies recording
paper based on the reflection light quantity, a measurement
system is arranged based on the premise that the surface at
which measurement is performed and the surface of the
recording paper are on the same plane. However, the surface
of'the recording paper may be inclined or floated up from the
surface at which measurement is performed, and there are
some cases in which the surface of the recording paper and
the surface at which measurement is performed are not laid
on the same plane. In such cases, the reflection light quantity
varies, and stable and precise determination is difficult to
make. Here, cases with regular reflection are described.

FIGS. 56A to 56C illustrate the changes in the amount of
detection light caused due to the misalignment between the
surface of recording paper and the surface at which mea-
surement is performed, according to the third example
embodiment FIG. 56A illustrates a case in which the surface
at which measurement is performed and the surface of the
recording paper are on the same plane. In this case, the
photo-detection system can receive the regular reflection
light.

FIG. 56B illustrates a case in which the surface at which
measurement is performed is inclined by angle o with
reference to the surface of the recording paper. If the relative
positions of the irradiation system and the photo-detection
system are the same as that of FIG. 56 A, the photo-detection
system receives light in the direction displaced from the
direction of regular reflection by 2c.. The intensity distribu-
tion of the reflection light shifts due to the displacement.
Accordingly, assuming that the distance between the irra-
diation center and the photo-detection system is L, the
photo-detection system receives light at a position that is
displaced from the position at which the regular reflection
light is received by L*tan 2a Moreover, the actual angle of
incidence is displaced from a specified angle of incidence 6
by «, and the reflectivity from the recording paper changes.
Accordingly, the amount of detection light changes, and this
makes detailed discrimination difficult.

FIG. 56C illustrates a case in which the surface at which
measurement is performed is displaced in the height direc-
tion, i.e., in the Z-axis direction, by d with reference to the
surface of the recording paper. The intensity distribution of
the reflection light shifts due to the displacement when the
relative positions of the irradiation system and the photo-
detection system are the same as that of FIG. 56A. Accord-
ingly, the photo-detection system receives light at a position
that is displaced from the position at which the regular
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reflection light is received by 2d*sin 0. Accordingly, the
amount of detection light changes, and this makes detailed
discrimination difficult.

In the cases of FIGS. 56B and 56C, a condensing lens may
be arranged in front of the photo-detection system such that
the photo-detection system reliably detects the regular
reflection light. Accordingly, even when the intensity distri-
bution of the reflection light shifts, the reflection light can be
condensed.

Alternatively, a photodiode (PD) whose light receiving
area is sufficiently large may be used as a photosensor, or the
beam diameter of the irradiation light may be narrowed, in
order to deal with the problems caused when the surface of
the recording paper and the surface at which measurement is
performed are not laid on the same plane.

Alternatively, an array of PDs may be used as a photo-
sensor such that the light receiving area becomes large
enough to deal with the shift of the intensity distribution of
the reflection light. In this case, even when the intensity
distribution of the reflection light shifts, the largest signal
among the signals received by the PDs may be handled as
the signal of the regular reflection light. The light receiving
area of each of the PDs may be made small so as to reduce
the variation caused by the difference between the regular
reflection light and the center of the light receiving area. By
so doing, more accurate detection is achieved.

For the purpose of simplification, cases of regular reflec-
tion have been described. Although the changes in the
amount of detection light occur due to the misalignment
between the surface of recording paper and the surface at
which measurement is performed, cases of surface diffuse
reflection or internal diffuse reflection can be dealt with in a
similar manner.

In the embodiments described above, cases in which the
light source 11 includes a plurality of light-emitting units
were described. However, no limitation in indicated therein,
and the light source 11 may include only one light-emitting
unit.

In the embodiments described above, it is desired that a
condensing lens be provided in front of each of the photo-
sensors. By so doing, the changes in the amount of detection
light can be reduced.

In the embodiments described above, cases in which there
is one paper feed tray were described. However, no limita-
tion in indicated therein, and there may be a plurality of
paper feed trays.

In the embodiments described above, an object to be
identified is not limited to recording paper.

In the embodiments described above, cases in which an
image forming apparatus includes four photoreceptor drums
were described. However, no limitation in indicated therein.

In the embodiments described above, cases in which the
color printer 2000 is used as an image forming apparatus
were described. However, no limitation in indicated therein,
and for example, an optical plotter or a digital photocopier
may be used as an image forming apparatus.

Numerous additional modifications and variations are
possible in light of the above teachings. It is therefore to be
understood that within the scope of the appended claims, the
disclosure of the present invention may be practiced other-
wise than as specifically described herein. For example,
elements and/or features of different illustrative embodi-
ments may be combined with each other and/or substituted
for each other within the scope of this disclosure and
appended claims.
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What is claimed is:

1. A sensor apparatus comprising:

an irradiation system provided with a light source and
configured to emit linearly polarized light of a first
polarization direction onto a sheet-like object, in a
direction oblique to a direction orthogonal to a surface
of the object;

a first photodetector arranged on an optical path of light
that is emitted from the irradiation system and then is
reflected at the object by regular reflection;

a first optical element, arranged on an optical path of light
reflected by diffuse reflection from an incidence plane
of the object, configured to transmit linearly polarized
light of a second polarization direction that is orthogo-
nal to the first polarization direction;

a second photodetector configured to receive the linearly
polarized light transmitted through the first optical
element; and

a detection unit configured to determine at least one of
basis weight and thickness of the object, on a basis of
the linearly polarized light of the second polarization
direction that is orthogonal to the first polarization
direction of the light emitted by the irradiation system.

2. The sensor apparatus according to claim 1, wherein the
detection unit includes a third photodetector configured to
receive light that is emitted from the irradiation system and
passes through the object.

3. The sensor apparatus according to claim 2, wherein the
third photodetector is arranged on a back side of the object
and disposed on an optical path of light that passes through
the object, in a direction of a normal line drawn from a rear
surface of the object.

4. The sensor apparatus according to claim 1, wherein the
detection unit includes a mechanical thickness sensor con-
figured to detect thickness of the object.

5. The sensor apparatus according to claim 4, wherein the
irradiation system, the first, second, and third photodetec-
tors, and the first optical element form an optical unit, and
the optical unit is disposed opposite the thickness sensor
with the object therebetween.

6. The sensor apparatus according to claim 4, wherein the
irradiation system, the plurality of photodetectors, and the
first optical element form an optical unit, and the optical unit
and the thickness sensor are adjacent to each other in a
direction parallel to a surface of the object.

7. The sensor apparatus according to claim 4, wherein the
thickness sensor includes a first member having a reference
plane member, a second member that presses the object
against the reference plane member, and a detector that
detects thickness of the object via the second member.

8. The sensor apparatus according to claim 1, further
comprising a fourth photodetector arranged on an optical
path of light reflected by diffuse reflection from an incidence
plane of the object.

9. The sensor apparatus according to claim 8, further
comprising:

a second optical element, arranged on an optical path of
light that is reflected by diffuse reflection from an
incidence plane of the object, configured to transmit
linearly polarized light of the second polarization direc-
tion; and

a fifth photodetector configured to detect light that has
passed through the second optical element.

10. The sensor apparatus according to claim 1, further

comprising:
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a fourth photodetector arranged on an optical path of light
that is reflected by diffuse reflection from an incidence
plane of the object;

a second optical element, arranged on an optical path of
light that is reflected by diffuse reflection from an
incidence plane of the object, configured to transmit
linearly polarized light of the second polarization direc-
tion; and

a fifth photodetector configured to detect light that has
passed through the second optical element.

11. The sensor apparatus according to claim 10, wherein
the first optical element and the second optical element are
arranged, respectively, on an optical path of light reflected
by diffuse reflection from the object, in a direction of a
normal line drawn from a front surface of the object.

12. The sensor apparatus according to claim 1, wherein
the light source includes a surface emitting laser array
having a plurality of light-emitting units.

13. The sensor apparatus according to claim 1, further
comprising a processor configured to identify the object
based on output from the plurality of photodetectors and
output from the detection unit.

14. The sensor apparatus according to claim 13, wherein
the processor identifies the object based on output from the
plurality of photodetectors, and when a plurality of candi-
dates exist, the processor selects one candidate from the
plurality of candidates based on output from the detection
unit.
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15. The sensor apparatus according to claim 13, wherein
the processor identifies the object based on output from the
detection unit, and when a plurality of candidates exist, the
processor selects one candidate from the plurality of candi-
dates based on output from the plurality of photodetectors.

16. The sensor apparatus according to claim 1, wherein
the detection unit includes a third photodetector configured
to receive light that is emitted from the irradiation system
and passes through the object, and a mechanical thickness
sensor configured to detect thickness of the object.

17. The sensor apparatus according to claim 16, further
comprising a processor configured to identify the object
based on output from the plurality of photodetectors and
output from the detection unit,

wherein the processor estimates thickness of the object

based on output from the thickness sensor, and esti-
mates basis weight of the object based on output from
the third photodetector when estimated thickness is
equal to or less than a prescribed value.

18. An image forming apparatus comprising:

an image forming unit configured to form an image on a

recording medium;

the sensor apparatus according to claim 1 where the

recording medium is an object; and

an adjustment unit configured to adjust a condition for

image formation, based on output from the sensor
apparatus.



